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Quantitative  Analysis  with  the  Spectrograph1 


IN  ORDER  to  satisfy  the 
requirements  of  modern 
industrial  operations,  a 
laboratory  must  be  in  a  posi¬ 
tion  to  turn  out  analytical  re¬ 
sults  in  the  shortest  possible 
time,  consistent  with  reason- 
n  able  accuracy.  Too  often  the 
result  of  a  perfectly  good 
analysis  is  of  value  only  as  an 
explanation  of  defects  and 
difficulties,  rather  than  as  a 
guide  in  the  production  or 
selection  of  the  material  in- 
— -  volved.  This  is  particularly 
true  with  analyses  for  those 
minute  amounts  of  impurities,  or  of  necessary  constituents, 
which  often  modify  to  a  remarkable  extent  the  chemical  or 
physical  properties  of  materials. 

This  being  the  case,  it  is  surprising  that  so  little  attention 
has  been  paid  to  the  spectrograph  as  a  means  for  carrying 
out  quantitative  analyses.  It  has  long  been  recognized  as 
an  instrument  for  qualitative  work,  but  even  in  this  field  its 
usefulness  has  not  met  with  the  general  recognition  which  it 
deserves,  particularly  in  industrial  laboratories.  Its  remark¬ 
able  sensitiveness  and  the  certainty  and  speed  with  which 
many  of  the  elements  may  be  detected  place  it  in  a  class  by 
itself,  far  superior,  in  many  respects,  to  the  ordinary  methods 
of  qualitative  analysis.  That  it  can  be  and,  in  fact,  is  being 
used  for  truly  quantitative  work  is  not  generally  appreciated. 

Type  of  Work  for  Which  Adapted 

Several  types  of  analytical  work  fall  particularly  within  its 
scope: 

1 — Quantitative  estimations  of  traces  of  impurities  and 
minor  constituents,  when  the  amounts  present  are  too  small 
for  satisfactory  chemical  determination. 

2 — Rapid  estimation  of  elements,  present  in  small  amounts, 
which  could  be  determined  chemically,  but  only  by  complicated 
and  slow  methods. 

3 — Determination  of  the  approximate  composition  of  materials 
when  the  amounts  available  for  analytical  samples  are  too  small 
for  chemical  analysis. 

Determination  of  Impurities,  Etc. — Under  the  first 
heading  may  be  included  the  analysis  of  many  metals  and 

1  Received  June  7,  1928. 


alloys  whose  physical  and 
chemical  properties,  such  as 
hardness,  ductility,  and  re¬ 
sistance  to  corrosion,  are  pro¬ 
foundly  modified  by  appar¬ 
ently  insignificant  traces  of 
impurities.  In  many  cases 
the  causes  of  variations  in 
these  properties  have  not  been 
recognized  because  of  the 
practical  impossibility  of 
making  the  necessary  analy¬ 
ses.  In  such  cases  the  spec¬ 
trograph  provides  the  means 
both  for  tracing  these  causes, 
and,  when  they  are  known, 
for  controlling  the  variations  by  proper  selection  of  raw  ma¬ 
terials.  In  this  way  it  has  been  possible  to  show  that  signifi¬ 
cant  and  reproducible  effects  are  caused  by  the  presence  in  a 
metal  of  less  than  0.001  per  cent  of  some  impurity  whose 
presence  had  not  been  suspected  until  it  was  revealed,  and  its 
amount  estimated,  by  means  of  the  spectrograph. 

For  such  small  amounts  as  these,  ordinary  chemical  meth¬ 
ods  of  analysis  are  often  unsatisfactory.  Large  samples  are 
required,  necessitating  the  handling  of  large  volumes  of  solu¬ 
tions.  Separations  are  incomplete,  involving  numerous  re¬ 
solutions  and  re-precipitations  before  it  can  be  assumed  that  a 
precipitate  is  free  from  contamination—  an  assumption  which 
all  too  often  is  not  justified  by  the  facts.  With  the  large  vol¬ 
umes  of  solutions  used,  the  very  slight  solubility  of  nominally 
insoluble  precipitates  may  cause  significant  errors.  Finally 
the  presence  of  unsuspected  constituents,  with  analytical 
properties  similar  to  those  of  an  element  which  is  being  de¬ 
termined,  may  lead  to  totally  erroneous  results.  Technical 
methods  of  analysis  ordinarily  provide  for  the  removal  of  only 
the  most  common  interfering  elements.  As  a  result  cases 
have  been  encountered  in  which  a  final  precipitate,  weighed 
and  calculated  as  a  compound  of  one  element,  has  been  found, 
by  spectral  analysis,  to  contain  none  of  that  element  whatever, 
but  to  be  really  a  compound  of  another  element  whose  pres¬ 
ence  was  not  anticipated  when  the  method  used  was  devised. 

Rapid  Estimations — In  the  second  class  occur  such  de¬ 
terminations  as  that  of  cadmium  in  zinc  (especially  in  high- 
grade  zinc,  containing  less  than  0.01  per  cent  of  cadmium). 
To  insure  accurate  results  by  chemical  methods,  a  long  and 
time-consuming  series  of  separations  is  necessary  and  the 
analysis  usually  requires  several  days.  In  contrast  with 
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The  superiority  of  spectrographic  methods  for  the 
estimation  of  small  amounts  of  impurities  and  minor 
constituents  in  materials  is  pointed  out.  The  main 
advantages  are  (1)  speed,  (2)  sensitiveness,  and  (3) 
certainty  in  the  identification  of  the  constituents  being 
determined.  Illustrative  examples  are  given  of  the 
kinds  of  work  for  which  they  may  be  used. 

The  general  principles  of  quantitative  methods  are 
discussed,  certain  sources  of  error  are  noted  and  means 
suggested  for  overcoming  them. 

Methods  which  have  been  developed  in  the  labora¬ 
tory  of  The  New  Jersey  Zinc  Company  are  described. 
These  methods  are  used  in  carrying  out  several  hundred 
analyses  each  month,  many  of  them  being  routine  con¬ 
trol  analyses. 
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this,  the  spectrographic  method  requires  but  a  small  sample, 
it  involves  no  chemical  separations  whatever,  and  yields  just' 
as  accurate  results  in  an  hour’s  time.  Another  typical  ex-‘ 
ample  in  this  laboratory  was  the  emergency  analysis  of  five 
samples  of  zinc-base  alloys  for  tin,  magnesium,  cadmium,  and 
lead — all  within  3  hours.  At  the  same  time  it  was  definitely 
established  that  all  other  elements,  which  might  have  had  a 
bearing  on  the  particular  problem  then  under  investigation, 
were  absent.  At  least  2  or  3  days  would  have  been  required 
had  these  been  determined  by  ordinary  methods. 

Similar  savings  in  time  are  possible  in  the  determination 
of  many  other  elements.  In  addition  to  those  already 
mentioned,  lithium,  sodium,  copper,  silver,  beryllium,  alumi¬ 
num,  thallium,  antimony,  bismuth,  manganese,  and  nickel 
have  all  been  estimated — mostly  in  alloys  and  other  zinc¬ 
bearing  materials.  Any  element  which  yields  a  spectrum 
containing  lines  which  permit  its  identification  in  the  particu¬ 
lar  material  involved  can  be  determined  in  an  hour  or  two. 
Most  of  them  require  as  many  days  for  estimation  with  equal 
or  less  accuracy  by  chemical  methods,  when  present  in  the 
small  amounts  for  which  the  spectrograph  is  particularly 
adapted. 

Analysis  of  Minute  Samples — The  third  class,  the  analy¬ 
sis  of  minute  amounts  of  materials  to  obtain  a  general 
idea  of  their  composition,  includes  a  large  field  of  usefulness, 
and  one  in  which  the  spectrograph  is  nearly  indispensable. 
It  is  often  necessary  to  know  the  principal  constituents  and 
their  approximate  ratios  when  only  extremely  small  samples 
are  available.  Sometimes  it  may  be  a  stain  or  a  film  of 
dust  or  discoloration  on  the  surface  of  material.  Again  it 
may  be  a  trace  of  precipitate,  too  small  for  chemical  identifi¬ 
cation.  At  other  times  it  is  necessary  to  make  analyses  with¬ 
out  defacing  rare  or  valuable  specimens. 

Many  other  instances  could  be  given,  but  those  described 
are  sufficient  to  indicate  some  of  the  ways  in  which  an  instru¬ 
ment  of  this  kind  can  furnish  information  which  could  only 
be  obtained  with  difficulty7,  if  at  all,  by  other  means. 

Principles  of  Quantitative  Spectral  Analysis 

The  foundations  of  quantitative  spectral  analysis  were  laid 
by  Hartley.2  His  work  with  that  of  his  successors,  Pollok 
and  Leonard,3  in  Dublin,  and  of  de  Gramont,4'5  in  Paris,  has 
been  very  fully  reviewed  by  several  recent  writers.6 10  9 

Briefly,  the  principle  involved  in  the  methods  used  by  all 
these  investigators  is  that  of  the  gradual  weakening  and 
simplification  of  the  spectra  of  all  the  elements,  when  the 
amounts  present  in  the  light  source,  whether  flame,  arc,  or 
spark,  are  decreased.  Thus  if  a  pure  element  or  a  very  con¬ 
centrated  compound  or  mixture  is  used,  the  spectrum  is  made 
up  of  a  considerable  number  of  lines  of  different  intensities. 
If,  now,  a  second  spectrum  is  observed,  using  a  dilute  mixture 
of  that  element  with  other  materials,  its  spectrum  lines  will 
be  found  to  have  decreased,  both  in  intensity  and  in  number. 
In  general,  those  lines  that  were  weakest  in  the  first  spectrum 
will  have  faded  out  completely.  Lines  of  moderate  in- 

2  Hartley,  J.  Chern.  Soc.  33,  210  (1882);  Phil.  Trans.  Roy.  Soc. 
(London),  1884,  pt.  1,  p.  50;  pt.  2,  p.  327;  Proc.  Roy.  Soc.  (London),  69 A, 
283  (1902). 

3  Pollok  and  Leonard,  Sci.  Proc.  Roy.  Dublin  Soc.,  11  (N.  S.),  184,  217, 
229  (1907);  257,  270  (1908);  15  (N.  S.),  273  (1918). 

1  De  Gramont,  numerous  papers  in  the  Compt.  rend.,  144  to  175  (1907 
to  1922,  inch). 

5  de  Boisbaudran  and  de  Gramont,  “Analyse  Spectrale  Appliquee 
aux  Recherche  de  Chimie  Minerale,”  Librairie  Scientifique  J.  Hermann, 
Paris,  1923. 

6  Twyman,  “Wave-Length  Tables  for  Spectrum  Analysis,”  A.  Hilger, 
Ltd.,  London,  1923. 

7  Twyman  and  Smith,  Am.  Inst.  Min.  Met.  Eng.,  Tech.  Pub.  79. 

8  Meggers,  Kiess,  and  Stinison,  Bur.  Standards,  Sci.  Paper  444. 

9  Porlezza  and  Donati,  Ann.  chim.  applicata,  16,  519,  622  (1926); 
17,  3,  14  (1927). 


tensity. will  have  become  weak,  and  strong  lines  will  have 
.-dpofeased  in  intensity.  Still  greater  dilutions  result  in  the 
disappearance  of  other  lines  and  the  further  weakening  of 
those  that  remain,  until,  at  the  lowest  concentration  at  which 
the  element  can  be  detected  at  all,  only  one  or  two  faint  lines 
remain.  These  most  persistent  lines  of  all  are  called,  in  the 
terminology  of  de  Gramont,  the  raies  ultimes  of  that  element. 

If  the  conditions  of  excitation  and  of  observation  are  kept 
perfectly  constant,  and  if  the  samples  used  are  of  similar 
character  and  size,  these  variations  will  always  take  place  in 
the  same  way.  In  other  words,  the  same  lines  with  the  same 
intensities  will  always  be  found  in  the  spectrum  of  the  element 
in  question,  when  it  is  present  at  the  same  concentration.  A 
quantitative  analysis  can  therefore  be  made  by  com¬ 
paring  the  number  and  intensities  of  the  lines  of  the  element 
to  be  determined,  in  the  spectrum  of  the  sample  with  those 
of  a  series  of  reference  standards. 

Elimination  of  Variables 

The  most  important  factor  in  determining  the  precision 
which  may  be  attained  in  such  an  analysis  is,  of  course,  the 
constancy  with  which  all  the  variables  involved  may  be  con¬ 
trolled.  Some  may  be  kept  within  very  close  limits;  others 
are  subject  to  slight  unavoidable  variations.  The  most  im¬ 
portant  point  in  devising  the  technic  to  be  followed  is,  there¬ 
fore,  to  minimize,  as  far  as  possible,  the  range  of  these  varia¬ 
tions,  or  else  to  conduct  the  analysis  in  such  a  way  that  the 
same  variations  occur  in  the  comparison  standards  and  in 
the  spectrum  of  the  sample  to  be  analyzed.  The  relatively 
low  degree  of  precision  attained  with  spectrographic  methods 
by  some  authors  may  be  ascribed  in  large  measure  to  a  failure 
to  realize  that  such  compensation  for  unavoidable  variations 
is  possible. 

Two  methods  have  been  proposed  for  this  purpose.  Ger- 
lach10  and  Schweitzer,11  instead  of  comparing  directly  the 
intensities  of  the  spectrum  lines  of  the  elements  to  be  deter¬ 
mined  with  those  of  the  same  lines  in  standard  spectra,  use, 
as  reference  standards,  lines  in  the  same  spectrum,  due  to 
the  principal  constituent  of  the  sample.  This  constituent 
is  assumed  to  be  constant  in  amount,  or  to  vary  only  as  a 
result  of  the  variation  of  the  element  to  be  determined.  Thus 
in  analyzing  for  small  amounts  of  tin  in  lead,  the  tin  lines  are 
compared  with  certain  selected  lines  of  the  lead  spectrum. 
From  previous  experiments  it  is  determined,  once  for  all,  that 
under  the  conditions  prevailing  a  certain  line  in  the  tin  spec¬ 
trum  is  equal  in  intensity  to  one  of  the  neighboring  lead  lines 
at  some  one  concentration,  and  to  certain  other  lead  lines  at 
other  concentrations.  Thus,  under  the  conditions  described 
by  these  authors,  at  10  per  cent  tin  the  tin  line  of  wave 
length  o2572  A.  is  equal  in  intensity  to  the  lead  line  at 
A2629  A.,  while  at  0.6  per  cent  it  is  reduced  in  intensity  and  is 
then  equal  to  the  weaker  lead  line  at  A2657  A.  At  the  inter¬ 
mediate  concentration,  5  per  cent  tin,  another  tin  line,  that 
at  A2422  A.,  has  become  equal  to  the  lead  line  ato\2412  A., 
while  with  0.04  per  cent  tin  the  tin  line  at  A2707  A.  has  the 
same  intensity  as  the  lead  line  of  A2657  A.  In  this  way 
after  a  table  has  been  prepared  indicating  the  concentra¬ 
tions  at  which  selected  pairs  of  lines,  one  for  each  element,  are 
of  equal  intensity,  a  simple  inspection  of  the  spectrum  of  the 
unknown  will  permit  a  fairly  close  estimate  of  the  concentra¬ 
tion.  This  method  assumes  that,  inasmuch  as  the  lines  of 
the  element  to  be  determined  and  the  reference  lines  are 
present  in  the  same  spectrum  and  photographed  at  the  same 
time,  any  variations  in  the  conditions  of  excitation  and  pho¬ 
tography  will  affect  all  lines  equally  and  thus  eliminate  any 
errors  due  to  these  variations. 

10  Gerlacli,  Z.  anorg.  allgem.  Chem.,  142,  383  (1925). 

"  Schweitzer,  Ibid.,  164,  127;  165,  364  (1927). 
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Figure  1 — Portion  of  Preliminary  Standard  Plate  for  Estimating  Magnesium  and  Lead  in  Metallic  Zinc 


This  method  offers  distinct  advantages  in  the  analysis  of 
simple  mixtures  of  elements  whose  spectra  consist  of  many 
lines  with  a  wide  variety  of  intensities.  On  the  other  hand, 
where  the  principal  constituent  of  the  material  to  be  analyzed 
yields  a  spectrum  with  relatively  few  lines,  and  these  separated 
by  considerable  wave  length  intervals,  it  might  be  difficult  to 
find  enough  lines  to  serve  as  standards  in  the  near  neighbor- 
■  hood  of  suitable  lines  of  the  elements  which  were  to  be  de¬ 
termined.  Furthermore,  the  presence  of  three  or  more  vari¬ 
able  constituents  would  be  very  likely  to  complicate  the  prob¬ 
lem  to  such  an  extent  that  the  accuracy  of  quantitative  esti¬ 
mations  in  complex  materials  would  be  subject  to  considerable 
doubt. 

The  second  method,  which  has  been  used  successfully  in 
this  laboratory  for  several  years,  is  to  compare  the  intensities 
of  the  lines  of  the  elements  to  be  determined  in  the  spectrum 
of  the  unknown  sample  with  those  of  the  same  lines  in  a 
graded  series  of  standards  of  similar  composition  and  photo¬ 
graphed  under  similar  conditions.  A  preliminary  rough 
estimate  is  first  made,  in  which  a  spectrum  of  the  sample,  on 
one  plate,  is  compared  with  a  series  of  standards,  previously 
photographed  on  another.  (Figure  1)  On  this  preliminary 
standard  plate  the  successive  spectra  are  spaced  so  as  to  leave 
between  them  clear  strips,  slightly  wider  than  the  individual 
spectra,  so  that  the  sample  spectrum  may  be  placed  between 
adjacent  standards  and  a  better  comparison  made  than  is 
possible  when  the  spectra  are  at  some  distance  from  each 
other.  The  plate  with  the  sample  spectrum  is  placed  over 
the  standard  plate,  and  moved  up  or  down  until  an  approxi¬ 
mate  match  with  the  standards  is  found,  using  a  medium- 
power  magnifying  glass  for  observing  the  lines.  In  this  way 
the  concentration  is  approximately  determined  by  compari¬ 
son  of  the  lines  of  the  constituent  to  be  determined  with  those 
in  the  two  adjacent  standards. 


Since  no  two  plates  are  strictly  comparable,  because  of 
variations  in  the  emulsion  as  well  as  in  the  composition,  age, 
and  temperature  of  the  developer,  this  comparison  is  not 
relied  on  for  the  final  determination  except  in  those  cases 
where  a  rough  estimation  is  sufficient.  The  final  plate  is 
usually  taken  with  five  spectra,  close  together,  but  not  quite 
in  contact  with  each  other.  (Figures  2  and  3)  The  first 
one  is  that  of  a  standard  with  slightly  higher  concentration 
of  the  element  to  be  determined  than  was  indicated  by  the 
preliminary  test.  Next  comes  the  spectrum  of  the  sample, 
followed  by  that  of  a  second  standard,  of  about  the  estimated 
concentration.  A  second  spectrum  of  the  sample  comes  next, 
and  finally  a  standard  of  slightly  less  than  the  expected  value. 
In  this  way  the  intensities  of  the  lines  in  the  sample  spectra 
are  quite  sure  to  fall  somewhere  between  those  of  the  high 
and  low  standards.  It  is  then  a  simple  matter  to  estimate  the 
true  concentration  in  the  sample,  free  from  errors  due  to 
variations  in  plates  and  development. 

The  usual  practice  is  to  use  a  series  of  standards  whose  con¬ 
centrations  with  respect  to  the  element  in  question  vary  by 
multiples  of  2  (0.1,  —0.05,  —0.025  per  cent,  etc.).  These 
show  differences  between  successive  standards  which  permit 
the  visual  estimation  of  several  intermediate  degrees  of  in¬ 
tensity.  Nothing  is  gained  by  using  closer  intervals  between 
standards.  It  is  helpful  to  use  a  rather  wide  slit  in  taking 
these  spectra,  as  this  gives  an  appreciable  area  to  the  lines 
and  makes  it  much  easier  to  judge  intensities  than  when  the 
usual  narrow  slit  used  in  qualitative  work  is  employed.  Care 
must  be  taken  not  to  use  so  wide  a  slit  that  the  lines  to  be 
observed  overlap  other  lines  in  the  spectra. 

Attempts  have  been  made  to  use  a  microphotometer  for 
measuring  line  intensities,  but  no  real  advantage  is  gained. 
This  is  probably  because,  in  spite  of  all  the  precautions  that 
are  taken  to  insure  the  constancy  of  conditions,  there  are 
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Figure  2 — Final  Plate  for  Estimating  Magnesium  in  Zinc-Base  Alloy  (Mg  0.07  Per  Cent) 


still  uncontrolled  fluctuations,  especially  in  the  light  source, 
which  produce  variations  of  about  the  same  relative  magni¬ 
tude  as  the  errors  in  the  visual  estimation  of  intensities. 
Duplicate  determinations  by  the  method  described  ordinarily 
vary  by  less  than  10  per  cent  of  the  amount  being  estimated 
from  the  mean,  or  from  the  results  of  careful  chemical  analyses 
and  this  is  probably  as  good  as  can  be  expected  from  ordinary 
technical  methods  of  chemical  analysis  on  constituents  present 
to  the  extent  of  less  than  0.5  per  cent,  which  is  the  range  for 
which  spectrographic  methods  are  best  fitted. 

Comparison  of  Chemical  and  Spectrographic  Analyses 

Table  I  gives  some  idea  of  the  agreement  that  may  be 
expected  between  chemical  and  spectrographic  analyses.  The 
figures  were  taken  at  random  from  records  of  routine  work 
with  samples  on  which  both  methods  were  used.  In  reading 
them  it  should  be  kept  in  mind  that,  except  for  the  higher 
leads  and  cadmiums,  the  spectrographic  method  was  adopted 
because  chemical  methods  had  proved  unsatisfactory.  For 
this  reason  differences  cannot  be  considered  as  indicating 
which  one  is  in  error.  A  better  basis  for  judgment  is  to  be 
found  in  the  consistency  with  which  results  can  be  duplicated 
on  the  same  sample.  This  is  shown  in  Table  II,  which  gives, 
for  a  single  sample,  two  series  of  estimates  made  at  different 
times  and  on  different  portions  of  the  sample  by  two  independ¬ 
ent  observers.  Observer  1  prepared  the  samples  and  photo¬ 
graphed  the  spectra,  and  knew  what  results  had  previously 
been  obtained.  Observer  2  knew  nothing  of  the  identity 
of  the  samples  when  grading  the  plates.  They  came  to 
him  simply  as  part  of  the  daily  routine,  the  only  infor¬ 
mation  given  him  being  the  element  to  be  estimated  and 
the  concentrations  of  the  standards  used  in  preparing  the 
plates. 

Choice  of  Lines  to  Be  Compared 

The  choice  of  the  lines  to  be  used  when  making  comparisons 
requires  some  consideration.  The  impression  might  be 
gained  from  a  casual  reading  of  the  literature  that  certain 
lines  have  peculiar  properties  which  make  them  more  signifi¬ 
cant  than  others,  or  that  they  show  more  marked  changes  in 
intensity  for  a  given  change  in  concentration.  Except  for 
those  extremely  diffuse  lines  which  are  so  ill-defined  at  low 
intensities  as  to  make  them  difficult  to  observe,  this  is  not 
the  case.  All  lines  go  through  a  sensitive  range  in  that  stage 
of  dilution  just  before  they  completely  fade  out.  In  this 
range  the  line  is  of  some  shade  of  gray  sharply  defined  and 
free  from  halation  or  “wings.”  Different  lines,  or  groups  of 
lines,  will  therefore  serve  for  comparisons  at  different  concen¬ 
trations.  The  raies  ultimes  can  only  be  used  at  the  very  low¬ 
est.  In  Figure  2,  in  which  the  magnesium  is  of  the  order  of 
0.1  per  cent,  the  estimation  is  best  made  on  the  basis  of  the 
group  of  five  weak  lines  between  wave  lengths  2783  and  2777 


o  ...  o 

A.  Those  of  next  higher  intensity  at  2803  and  2796  A.  are 
far  too  strong  to  serve  for  comparison. 


Table  I — Comparison  of  Chemical  and  Spectrographic  Analyses  of 
Zinc  and  Zinc-Base  Alloys 


Ele¬ 

Ele¬ 

ment 

Chem¬ 

Spectro- 

ment 

Chem¬ 

Spectro¬ 

Analy¬ 

Deter¬ 

ical 

GRAPHIC  ANALY- 

Deter¬ 

ical 

graphic 

sis 

mined 

Analysis 

Analysis 

SIS 

mined 

Analysis 

Analysis 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

1 

Pb 

0.052 

0.050 

11 

Cd 

0.0078 

0.0070 

2 

Pb 

0.054 

0.060 

12 

Sn 

0.0017 

0.0006 

3 

Pb 

0.039 

0.033 

13 

Sn 

0.0005 

0 . 0006 

4 

Pb 

0.038 

0.040 

14 

Sn 

0.25 

0.25 

5 

Cd 

0.023 

0.022 

15 

Mn 

0 . 0062 

0.0043 

6 

Cd 

0.020 

0.025 

16 

Mn 

0 . 0083 

0.0050 

7 

Cd 

0.021 

0.026 

17 

Mn 

0.0043 

0.0033 

8 

Cd 

0.010 

0.007 

18 

Mg 

0.13 

0.15 

9 

Cd 

0.050 

0.055 

19 

Cd 

0.005 

0.002 

10 

Cd 

0.0017 

0.0013 

0 . 0026 

repeat 

Table  II — Repeated  Analyses  for  Cadmium  on  Same  Sample 


Plate 

Observer  1 

Observer  2 

Per  cent 

Per  cent 

1 

0.035 

0.03 

2 

0.04 

0.03 

3 

0.04 

0.04 

4 

0.04 

0.035 

5 

0.04 

0.04 

6 

0.04 

0.04 

Average 

0.039 

0.036 

At  a  concentration  around  0.01  per  cent  (Figure  3)  the 
group  of  five  lines  hasobecome  too  faint  to  serve,  while  the 
pair  at  2803  and  2796  A.  is  still  too  strong  when  the  same  ex¬ 
posure  is  given  to  the  plate.  As  there  are  no  suitable  lines 
of  intermediate  intensity  within  this  spectral  range,  recourse 
is  had  to  a  rotating  sector  wheel  with  but  a  5  per  cent  opening 
between  the  arc  and  the  slit.  This  gives  about  the  right 
line  intensity  for  the  pair,  with  the  same  total  time  of  ex¬ 
posure,  which  is  necessary  to  insure  the  complete  volatiliza¬ 
tion  of  the  sample.  With  this  exposure  the  raie  ultime  of 
magnesium  at  wave  length  2852  A.  is  also  weak  enough  to 
serve. 

If  the  attempt  is  made  to  base  the  estimates  on  too  strong 
lines,  serious  errors  may  be  made.  Many  strong  lines  exhibit 
reversal  and  this  sometimes  appears  as  a  weakening  of  the 
whole  line,  when  the  absorption  is  not  strong  enough  to  show 
complete  reversal,  with  a  clear  centered  line  on  the  plate.  It 
is  possible,  therefore,  to  find  lines  in  the  spectrum  of  an  ele¬ 
ment,  present  at  high  concentration,  which  appear  weaker  than 
in  the  spectrum  of  the  same  element  at  considerably  lower 
concentration.  It  may  be  that  this  effect  is  the  real  basis 
for  the  statement,  originally  made  by  Hartley2  and  repeated 
by  nearly  all  subsequent  writers,  that  the  strongest  lines  in 
the  full  spectrum  of  an  element  are  not  always  the  ones  which 
persist  to  the  lowrest  concentrations.  This  has  been  vigor¬ 
ously  denied  by  Gerlach10  who  maintains  that  the  strongest 
lines  are  always  the  most  persistent.  A  safe  rule,  therefore, 
is  to  base  all  estimates  on  the  weakest  lines  that  are  clearly 
defined. 
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Standard — 0.02%  Mg 

Sample 

Standard — 0.01%  Mg 
Sample 

Standard — 0.005%  Mg 

Figure  3 — Final  Plate  for  Estimating  Magnesium  in  Zinc-Base  Alloy  (Mg  0.009  Per  Cent) 
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Limits  of  Concentration  of  Material 

The  question  is  frequently  asked — how  high  concentrations 
can  be  determined  spectrographically?  The  answer  is  that 
there  is  no  limit,  except  that  the  errors  of  estimation  will  be 
proportionately  large  with  high  percentages.  The  relative 
precision  is  the  same,  whether  the  concentration  is  high  or 
low.  This  means  that  spectrographic  methods  cannot  com¬ 
pete  in  precision  with  chemical  in  the  determination  of  those 
elements  which  form  the  main  bulk  of  a  material. 

It  is  at  the  other  end  of  the  scale,  in  the  range  of  extremely 
small  fractions  of  1  per  cent,  that  the  spectrograph  finds  its 
greatest  usefulness.  Some  elements,  such  as  magnesium, 
bismuth,  beryllium,  or  copper,  can  be  determined  with  con¬ 
centrations  as  low  as  a  few  parts  in  ten  million.  Others, 
however,  are  much  less  sensitive.  Arsenic  can  just  be  de¬ 
tected  by  the  method  described  at  one  part  in  ten  thousand. 
In  the  case  of  uranium  the  limit  is  higher  still. 

The  amount  which  can  be  detected  also  depends  somewhat 
on  the  other  elements  present.  A  dilute  solution  of  a  lead 
salt  in  water,  with  no  other  metals  present,  yields  a  spectrum 
in  which  the  lead  lines  are  much  weaker  and  fade  out,  on  di¬ 
lution,  at  a  higher  concentration  than  one  containing  the 
same  amount  of  lead  and  a  considerable  amount  of  zinc. 
Serious  errors  were  made  during  one  stage  of  the  development 
of  this  method  by  failing  to  include  aluminum  in  the  standards 
used  in  analyzing,  for  lead,  a  zinc-base  die-casting  alloy  con¬ 
taining  4  per  cent  of  aluminum.  The  presence  of  the  alumi¬ 
num  in  the  alloy  intensified  the  lead  lines  so  that  they  were 
nearly  twice  as  strong  as  those  of  the  equivalent  standards. 
When  the  corresponding  amount  of  aluminum  was  included 
in  the  standards,  their  lines  also  were  intensified  and  correct 
results  were  obtained.  This  simply  emphasizes  the  necessity 
for  using  standards  of  very  nearly  the  same  composition  as 
the  materials  to  be  analyzed. 

Limitation  of  Standards 

The  objection  is  sometimes  raised  that  this  method  involves 
the  preparation  of  a  very  large  number  of  standards.  While 
this  is  true,  it  is  also  possible,  by  limiting  the  field  of  activity 
to  those  analyses  for  which  no  satisfactory  rapid  chemical 
methods  are  available,  to  keep  the  number  of  standards 
within  reasonable  bounds.  Many  standards  can  be  prepared 
containing  more  than  one  variable  constituent,  so  that  one 
analysis  will  serve  for  the  determination  of  several  elements 
at  the  same  time.  Most  standards  can  be  kept  indefinitely, 
and  as  only  minute  amounts  are  used  for  each  analysis,  once 
prepared,  they  last  a  long  time.  Most  important  of  all,  the 
saving  in  time  that  results  from  the  use  of  spectrographic 
methods  is  so  great  that  it  more  than  justifies  the  trouble 
involved  in  the  preparation  and  care  of  the  necessary  stand¬ 
ards. 


Means  of  Excitation 

Most  of  the  workers  in  this  field  have  made  use  of  the  high- 
tension  spark,  exclusively,  as  the  source  of  light.2-  3>  4-  8-  10-  11 
Lewis12  states,  however,  that  the  tendency  in  technological 
circles  is  to  use  the  arc,  as  it  is  quicker  and  more  convenient 
than  the  spark  and  gives  a  fair  degree  of  accuracy.  Porlezza 
and  Donati9  are  also  using  the  arc  in  their  extensive  study  of 
quantitative  spectrography.  Twyman  and  Smith7  state 
that,  in  their  opinion,  the  arc  is  the  most  generally  useful  form 
of  excitation.  The  author  prefers  and  uses  the  arc  for  most 
purposes,  although  some  elements,  such  as  selenium  and  tel¬ 
lurium  in  very  small  amounts  and  most  of  the  non-metals  and 
gases,  can  best  be  detected  by  means  of  the  spark  or  vacuum 
tubes.  No  attempts  have  been  reported,  as  far  as  the  author 
is  aware,  to  use  the  spectrograph  for  quantitative  gas  analysis, 
although  it  appears  to  have  some  possibilities.  It  is  wise, 
therefore,  when  equipping  a  laboratory,  to  make  provision 
for  both  methods  of  excitation.  The  main  advantages  of 
the  arc  are  its  greater  sensitiveness  and  greater  speed,  both 
being  due  to  the  extremely  high  temperature  of  the  electrodes 
and  the  consequently  greater  density  and  concentration  of 
the  vapors  evolved. 

Electrodes 

Carbon  electrodes  are  preferable,  in  most  cases,  to  those 
composed  of  the  material  to  be  examined,  even  when  that  is 
a  metal  or  other  conducting  substance.  This  is  because  the 
carbon  arc  is  by  far  the  hottest  and  will  therefore  reveal 
smaller  traces  of  impurities  than  will  the  arc  between  metal 
electrodes. 

One  American  manufacturer  is  preparing  specially  re- 
graphitized  rods  for  this  purpose,  which  are  remarkably  free 
from  impurities,  whose  spectrum  lines  might  interfere  in 
the  ordinary  run  of  analysis.  Traces  of  titanium,  vanadium, 
silicon,  magnesium,  calcium,  and  boron  are  usually  present, 
but  not  in  sufficient  amount  to  be  troublesome,  except  when 
the  very  smallest  traces  of  these  elements  are  to  be  determined. 
A  British  optical  firm  furnishes  a  grade  of  carbon  which  is 
free  from  titanium  and  vanadium  and  is  therefore  useful 
when  small  amounts  of  those  elements  are  to  be  detected  or 
estimated.  On  the  other  hand,  this  carbon  contains  as 
much  or  more  of  the  other  impurities  in  the  list  given  than 
does  the  graphite  and,  in  addition,  appreciable  amounts  of 
iron,  copper,  and  manganese  from  which  the  graphite  is  free. 
The  ordinary  commercial  arc-light  carbons  are  of  very  limited 
usefulness,  as  all  of  these,  together  with  other  impurities,  are 
present  in  larger  and  more  variable  amounts  than  in  either  of 
the  other  grades. 

In  one  respect  the  graphite  is  inferior  to  both  the  British 
and  the  common  arc-light  carbons.  It  will  not  hold  as  steady 

12  Lewis,  Cantor  Lectures,  Royal  Society  of  Arts  (London),  April,  1921. 
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an  arc.  With  the  graphite  the  arc  has  a  tendency  to  wander 
from  point  to  point  on  the  surface  of  the  electrode.  This, 
of  course,  is  highly  undesirable,  as  it  tends  to  give  variable 
illumination  on  the  slit  and  thus  to  yield  erratic  results.  Two 
methods  have  been  used  to  overcome  this  difficulty.  Rapid 
rotation  of  the  upper  electrode  helps  considerably,  but  the 
best  results  are  obtained  when  a  stream  of  air  is  drawn  in  at 
the  tip  of  the  upper  electrode  through  an  axial  hole.  The 
electrode  fits  tightly  in  a  special  holder  which  is  connected 
with  a  vacuum  line,  through  a  bottle  arranged  to  insure  con¬ 
stant  suction.  This  device  helps  in  two  ways  to  improve 
the  constancy  and  reproducibility  of  the  light  source.  It 
not  only  reduces  the  tendency  of  the  arc  to  wander,  but  it 
also  draws  into  the  arc  the  vapors  liberated  from  the  sample 
material  on  the  lower  electrode,  and  makes  it  more  certain 
that  no  vapor  can  escape  without  recording  its  presence  by 
its  radiation. 

The  principal  objection  to  the  use  of  any  form  of  carbon  for 
electrodes  is  the  presence,  in  its  spectrum,  of  the  very  intense 
cyanogen  and  other  bands  in  the  visible  and  longer  wave¬ 
length  part  of  the  ultra-violet  regions.  These  make  it  very 
difficult  to  detect  weak  lines  of  other  elements  in  the  same 
regions  or  to  compare  intensities  when  they  can  be  detected. 
Fortunately,  however,  there  are  very  few  elements  for  whose 
detection  and  estimation  fines  in  this  range  ohave  to  be  used. 
The  ultra-violet,  from  about  2350  to  3400  A.,  contains  fines 
of  most  of  the  elements,  of  sufficiently  varied  intensities  to 
serve  for  estimating  small  amounts.  Moreover,  the  higher 
dispersion  and  resolving  power  in  this  range,  with  a  prism  in¬ 
strument,  make  it  by  far  the  more  generally  useful. 

The  spectrum  emitted  by  the  carbon  arc,  between  these 
limits,  when  photographed  with  an  instrument  of  high  dis¬ 
persion  and  resolving  powTer,  is  made  up  of  an  almost  con¬ 
tinuous  band  of  faint,  closely  spaced  lines.  Fortunately, 
these  are  of  very  nearly  equal  intensity  throughout,  so  that 
even  when  coincidences  do  occur  with  lines  of  other  elements, 
there  is  no  serious  difficulty  in  detecting  the  latter  by  the  in¬ 
creased  intensity  of  the  lines,  in  comparison  with  the  neigh¬ 
boring  electrode  background,  and  with  an  adjacent  “blank” 
spectrum  from  the  bare  electrodes. 

In  exceptional  cases  it  may  be  desirable  to  use  electrodes  of 
materials  other  than  carbon.  Copper  is  sometimes  used,  as 
its  melting  point  is  high  enough  to  withstand  the  temperature 
developed  by  the  arc  without  melting  down.  It  is  sufficiently 
free  from  impurities,  even  in  the  ordinary  electrolytic  grade, 
to  serve  for  most  purposes,  and  it  does  not  oxidize  so  rapidly 
as  some  of  the  other  metals  that  might  be  used.  Also,  its 
spectrum  is  composed  of  fewer  fines  and  the  chances  are  less 
that  fines  will  be  found,  both  from  the  electrodes  and  from  the 
sample,  so  close  together  as  to  interfere. 

Many  authorities  use,  as  electrodes,  rods  of  the  material 
to  be  analyzed,  when  that  is  a  metal  or  other  easily  conducting 
material,  and  cause  the  spark  or  arc  to  play  between  them. 
This  wrould  be  the  ideal  way  were  it  not  for  two  objections 
which  are  more  or  less  serious,  depending  on  the  material 
involved.  Many  of  the  metals  have  such  low  melting  points 
that  they  can  only  be  used  as  arc  electrodes  if  the  current  is 
very  weak.  This  means  low  fight  intensity  and  long  photo¬ 
graphic  exposures.  This  objection  is  not  so  serious  as  the 
other,  which  is  that  many  metals  are  far  from  being  homoge¬ 
neous.  Zinc,  for  example,  on  cooling  from  the  melted  condition 
is  very  liable  to  form  large  crystals,  with  most  of  the  impurities 
segregated  in  the  inter  crystalline  boundaries.  It  would  thus 
be  very  improbable  that  the  particular  points  between  which 
the  discharge  played  would  be  accurately  representative  of 
the  average  composition  of  the  bulk  of  the  material. 

The  contention  in  a  recent  paper13  that  “on  the  other  hand, 

1S  Twyman  and  Smith,  loc.  cit.,  p.  11. 


a  method  such  as  this,  which  will  detect  segregation  of  im¬ 
purities  has  very  much  to  commend  it”  is  perfectly  true  if 
that  is  the  object  of  the  analysis,  but  is  certainly  not  valid 
in  the  case  of  the  usual  quantitative  analysis,  whose  object  is 
to  ascertain  the  average  composition  of  a  larger  quantity  of 
material.  Furthermore,  the  use  of  wedge-shaped  electrodes, 
relying  on  the  wandering  of  the  discharge  along  the  edge  to 
insure  a  true  average,  is  by  no  means  certain  to  achieve  that 
result.  Cast  metals  frequently  contain  single  crystals  an 
inch  or  more  in  diameter;  therefore,  electrodes  prepared  from 
them  could  not  be  relied  on  to  yield  an  average  spectrum. 

Preparation  of  Sample 

Several  years’  experience  in  the  analysis  of  this  kind  of 
material  has  served  to  emphasize  the  necessity  of  choosing 
a  sampling  method  that  will  insure  that  every  portion  of 
material  whose  spectrum  is  registered  on  the  plate  shall  be 
as  nearly  as  possible  truly  representative  of  the  main  bulk  of 
the  material. 

The  amount  of  sample  necessary  for  a  single  determination 
is  ordinarily  from  20  to  50  mg.  This  is  much  too  small  an 
amount  to  obtain  by  cutting  down  the  solid  material,  even 
in  the  form  of  an  extremely  fine  powder.  The  safest  method 
is  to  use  solutions.  If  these  are  properly  prepared  and  mixed, 
there  can  be  no  question  of  uniformity. 

Hartley,  Pollok  and  Leonard,  de  Gramont,  and  others  em¬ 
ployed  solutions  in  much  of  their  work.  In  their  method  one 
of  the  spark  electrodes  (a  platinum  or  gold  wire)  is  immersed 
in  the  solution,  the  other  being  placed  directly  above  it.  A 
bit  of  capillary  tubing,  of  glass  or  silica,  surrounds  the  lowrer 
electrode  and  projects  slightly  above  its  tip  and  above  the 
level  of  the  solution  in  the  containing  vessel.  Capillary  at¬ 
traction  then  raises  the  solution  in  the  tube  above  the  sur¬ 
rounding  level,  so  that  the  tip  of  the  electrode  is  submerged. 
In  this  way  the  spark  passes  between  the  upper  electrode  and 
the  surface  of  the  solution  in  the  capillary  and  is  high  enough 
above  the  surrounding  solution  so  that  the  path  of  the  fight, 
from  the  spark  to  the  condensing  lens,  is  not  obstructed  by 
the  solution.  A  modification  of  this,  using  graphite  rods  in 
place  of  platinum  wires  for  electrodes,  has  also  been  sug¬ 
gested. 

A  somewhat  similar  arrangement  has  been  used,  at  times, 
with  the  arc,  but  is  not  nearly  so  satisfactory  as  the  method 
which  has  been  developed  in  this  laboratory  for  a  great  variety 
of  routine  determinations.  This  method  is  to  dissolve  the 
sample  (which  should  be  of  such  size,  and  obtained  in  such  a 
way  that  it  conforms  to  the  usual  laws  of  sampling)  in  ap¬ 
propriate  acids  or  other  solvents  and  to  adjust  its  volume  in 
some  simple  ratio  to  the  weight  of  sample  used.  When  the 
concentration  of  the  constituent  to  be  determined  is  small, 
the  volume  should  be  small,  too,  so  that  the  solution  may  be 
as  concentrated  as  possible. 

Procedure  for  Analysis 

A  measured  amount,  usually  0.1  cc.  of  this  solution,  is 
dropped  from  a  capillary  pipet  into  a  hole  in  the  upper  end  of 
a  graphite  electrode.  A  convenient  size  for  the  electrodes  is 
8  mm.  in  diameter  and  50  mm.  long.  Prior  to  adding  the 
solution,  the  electrodes  are  prepared  by  burning  them  for  a 
minute  or  two  in  a  6-  or  8-ampere  arc.  This  develops  a  cer¬ 
tain  amount  of  porosity  and  at  the  same  time  helps  to  expel 
traces  of  impurities  from  the  graphite.  The  electrodes  are 
then  cooled  before  adding  the  solution.  After  the  solution 
has  been  added,  the  electrode  is  dried  in  an  oven.  The  im¬ 
pregnated  graphite  is  used  as  the  lower  electrode  in  the  arc, 
the  upper  one  being  also  of  graphite,  arranged  as  previously 
described,  to  permit  air  to  be  drawn  through  it. 
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A  quartz  condensing  lens  serves  to  concentrate  the  light 
from  the  arc  on  the  slit  and  to  exclude  that  from  the  incan¬ 
descent  carbons,  whose  strong  continuous  spectrum  would  be 
objectionable.  Suitable  adjustments  are  provided,  which 
permit  the  arc  to  be  moved  both  horizontally  and  vertically 
so  as  to  keep  it  properly  centered  during  the  exposure.  Con¬ 
stant  arc  length  is  insured  by  keeping  the  tips  of  the  electrode 
images  always  at  the  same  points  above  and  below  the  aper¬ 
ture  in  the  slit  diaphragm.  With  a  reasonably  constant  line 
voltage  in  the  power  supply,  this  control  of  the  arc  length  is 
all  that  is  necessary  to  maintain  constant  current  and  voltage 
drop  in  the  arc. 

In  order  that  the  operator’s  attention  may  be  concentrated 
on  keeping  the  arc  properly  centered,  an  automatic  timing 
device  has  been  installed.  This  consists  of  an  electric  clock  so 
connected  through  a  system  of  relays  that  it  operates  only 
while  the  arc  is  burning,  and  extinguishes  the  arc  as  soon  as 
a  predetermined  exposure  time  has  elapsed.  This  is  particu¬ 
larly  valuable  in  photographing  the  spectra  of  very  volatile 
materials,  which  often  yield  almost  explosive  arcs,  difficult 
to  keep  burning  continuously.  If  it  were  necessary  for  the 
operator  to  keep  track  of  the  intermittent  exposures  that 
result  under  such  conditions,  he  could  not  give  proper  at¬ 
tention  to  the  centering  of  the  arc,  which  is  one  of  the  most  im¬ 
portant  factors  in  insuring  that  all  spectra  shall  be  accurately 
comparable. 

Using  a  large  Littrow-type  quartz  spectrograph,  with  an 
objective  of  70  mm.  aperture  ando170  cm.  focal  length,  the 
spectrum  from  A2350  to  A3400  A.  is  photographed  on  a 
plate  10  inches  (25.4  cm.)  long.  This  is  the  spectral  range  that 
has  been  found  the  most  generally  useful  for  much  of  the  work 
that  is  encountered  in  the  average  metallurgical  laboratory. 
Other  ranges  may  be  utilized,  if  desired,  by  a  simple  change 
in  the  adjustment  of  the  instrument,  but  experience  has  shown 
that  at  least  95  per  cent  of  the  work  can  be  done  within  these 
limits.  Persistent  lines  of  most  of  the  elements  are  found 
there,  and  the  dispersion  is  great  enough  to  insure  accurate 
identification  of  lines.  The  most  complete  and  accurate  lists 
of  lines  are  available  for  this  region,  and  ordinary  plates  are 
sensitive  to  these  wave  lengths  without  special  treatment, 
such  as  bathing  in  sensitizing  dyes  or  fluorescent  oils. 

Smaller  instruments  can  be  used  for  a  great  deal  of  work. 
Several  makers  put  out  quartz  spectrographs  in  which  the 
full  length  of  the  photographable  spectrum  is  included  within 
the  length  of  a  single  10-inch  (25.4-cm.)  plate,  and  excellent 
results  can  be  obtained  with  them  on  many  materials.  Oc¬ 
casions  do  arise,  however,  when  only  the  larger  instrument 


can  resolve  closely  coincident  lines  of  two  elements,  which 
must  be  separated  to  permit  the  certain  identification  of  one 
constituent  and  its  estimation,  free  from  the  possibility  of 
error  due  to  an  overlapping  line  of  another.  In  general, 
therefore,  any  laboratory  which  has  a  large  amount  of  work 
adapted  to  the  spectrographic  method  will  find  that  the 
additional  cost  of  the  larger  instruments  is  fully  justified  by 
the  greater  certainty  of  the  results  which  may  be  obtained 
and  by  the  wider  range  of  possible  applications. 

Three-minute  exposures  are  given  with  most  materials, 
using  an  arc  carrying  10  amperes  with  a  60-volt  drop  across 
the  arc  terminals.  This  length  of  time  is  sufficient  to  insure 
the  complete  evaporation  of  the  sample,  or  at  least  the  expul¬ 
sion  of  all  of  the  constituents  to  be  determined.  It  is  quite 
necessary  that  none  be  left  in  the  electrode,  otherwise  erratic 
results  will  be  obtained. 

Slow  photographic  plates  give  the  best  results.  Their 
fine  grain  makes  it  easy  to  compare  line  intensities,  and  their 
freedom  from  fog  is  an  important  consideration,  particularly 
when  comparing  extremely  weak  lines. 

Conclusion 

No  hard  and  fast  rules  can  be  given  for  methods  applicable 
to  the  determination  of  all  elements  in  all  kinds  of  materials. 
Some  of  the  general  methods  have  been  sketched,  which 
have  been  found  useful  in  a  laboratory  devoted  mainly  to 
the  study  of  problems  connected  with  the  production  and  use 
of  zinc  and  zinc-bearing  materials.  Each  type  of  analysis 
requires  individual  study  to  find  the  most  suitable  details 
of  technic.  The  main  purpose  of  this  paper  is  to  call  to  the 
attention  of  the  chemists  of  this  country  the  apparently  little- 
appreciated  fact  that  in  the  spectrograph  they  have  a  power¬ 
ful  tool,  capable  of  yielding  information  of  the  greatest  value, 
with  a  speed  and  certainty  that  cannot  be  matched  by  any 
other  means.  A  few  laboratories  have  installed  the  necessary 
equipment  and  are  finding  new  uses  for  it  almost  daily.  In 
that  of  The  New  Jersey  Zinc  Company  several  hundred 
spectrographic  analyses  are  made  each  month,  mostly  quanti¬ 
tative  estimations,  and  many  of  them  are  daily  routine  and 
control  analyses. 
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Simple  Pressure  Regulator  for  Vacuum  Distillations' 

Henry  L.  Cox2 

Mellon  Institute  of  Industrial  Research.  University  of  Pittsburgh,  Pittsburgh,  Pa. 


THE  chemical  literature  of  the  past  two  decades  contains 
numerous  descriptions  of  devices  designed  to  maintain  a 
constant  pressure  in  a  vacuum  distillation  apparatus. 
Most  of  these  devices  are  not  entirely  satisfactory  in  that 
they  are  not  sufficiently  accurate  for  the  intended  purpose  or 
the  construction  is  so  complicated  as  to  discourage  use  in  all 
except  the  most  exacting  investigations.  Several  of  them 
employ  mechanically  or  electrically  operated  valves  requiring 
a  high  precision  in  their  manufacture  and  subject  to  the 

1  Received  August  3,  1928. 

*  Senior  Industrial  Fellow,  Mellon  Institute  of  Industrial  Research. 


disadvantages  inherent  in  such  devices — for  instance,  cor¬ 
rosion  and  sticking  or  breakage. 

The  apparatus  described  in  this  paper  is  to  a  large  measure 
free  from  most  of  these  disadvantages.  It  contains  no  valves 
or  moving  parts  other  than  an  efficient  motor-driven  pump 
and  a  relay,  the  armature  contacts  of  which  are  of  sufficient 
size  to  carry  the  electric  current  required  to  operate  the  motor. 
The  apparatus  is  entirely  automatic,  requires  little  attention, 
and  maintains  any  desired  pressure  constantly  within  ±0.1 
mm.  of  mercury. 

A  closed-arm  mercury  manometer  containing  a  sealed-in 
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contact  and  an  adjustable  contact  is  connected  in  series  with 
a  relay  and  a  battery  as  shown  in  the  accompanying  figure. 
The  armature  of  the  relay  is  connected  to  the  motor  which 
drives  the  vacuum  pump.  When  the  manometer  circuit 
is  closed  by  the  mercury  rising  to  the  end  of  the  adjustable 
contact,  the  relay  is  actuated  and  the  motor  is  stopped. 
When  the  pressure  within  the  system  rises,  thus  breaking  the 
manometer  circuit,  the  pump  is  started  and  continues  to 
operate  until  the  pressure  is  reduced  to  the  desired  magnitude. 


Satisfactory  regulators  have  been  constructed  using  com¬ 
mercial  laboratory  pumps  driven  by  Vrhorsepower,  110- volt, 
a.  c.  motors.  In  the  writer’s  laboratory,  one  of  these  main¬ 
tained  a  constant  reproducible  pressure  of  15  mm.  with  the 
pump  operating  less  than  1  per  cent  of  the  time.  Any  desired 
pressure  between  atmospheric  and  approximately  2  to  3  mm. 
may  be  maintained  if  care  is  taken  to  prevent  leaks  in  the 
system.  Obviously,  this  device  is  limited  to  the  use  of 
mechanically  operated  pumps  which  may  be  stopped  without 
allowing  air  to  leak  back  through  the  pump  mechanism  into 
the  system. 

The  manometer  should  have  an  internal  diameter  of  about 
8  mm.  in  order  to  minimize  the  curvature  of  the  mercury 
meniscus.  The  use  of  a  reservoir  between  the  pump  and  the 
distillation  system  reduces  the  fluctuation  in  pressure  to  such 
an  extent  as  to  render  it  almost  unobservable  on  the  man¬ 
ometer. 

Obvious  changes  in  the  construction  and  the  use  of  a 
pressure  pump  will  enable  pressures  above  atmospheric  pres¬ 
sure  to  be  readily  obtained. 

The  apparatus  as  described  was  designed  by  the  writer 
when  at  the  laboratories  of  the  Standard  Oil  Company 
(Indiana)  at  Whiting,  Ind.,  in  1923,  and  has  given  satisfactory 
results  during  the  past  four  years. 


Analysis  of  Maple  Products12 

D.  E.  Fowler  and  J.  F.  Snell 

Macdonald  College,  McGill  University,  Macdonald  College  P.  O.,  P.  Q.,  Canada 

X — Study  and  Modification  of  the  Canadian  Lead  Method 


METHODS  for  the  detection  of  adulteration  of  maple 
products,  dependent  on  measurements  of  the  quan¬ 
tity  of  precipitate  produced  by  treatment  of  the 
diluted  sirup  with  basic  lead  acetate,  were  first  proposed  in 
1904  by  Jones3  and  by  Hortvet,4  who  measured  the  volume 
after  centrifugal  collection.  In  1906  the  more  accurate 
methods  at  present  recognized  by  the  Association  of  Official 
Agricultural  Chemists5  were  originated  by  Winton  and 
Kreider6  and  by  the  chemists  of  the  Laboratory  of  the  Cana¬ 
dian  Inland  Revenue  Department,7  particularly  A.  Valin. 

Studies  on  three  sirups  by  Snell  and  Scott8  indicate  that  in 
falling  off  more  rapidly  in  adulterated  sirups  than  the  maple 
content,  the  Canadian  lead  value  has  an  advantage  over  all 
the  other  values  used  for  the  detection  of  adulteration  with 
refined  sugar.  But  that  the  method  lacks  in  precision,  as 
evidenced  by  comparison  of  duplicates,  is  well  known,9  mean 
differences  of  0.10  and  0.09  between  duplicates  by  a  single 

1  Received  August  16,  1928.  For  reference  to  previous  papers,  see 
Ind.  Eng.  Chem.,  19,  278  (1927). 

2  The  experimental  work  reported  and  much  of  the  comment  are 
derived  from  a  thesis  presented  by  Mr.  Fowler  to  the  Faculty  of  Graduate 
Studies  and  Research  of  McGill  University  in  May,  1928,  in  partial  fulfil¬ 
ment  of  the  requirements  for  the  M.  Sc.  degree. 

3  Jones,  Vermont  Agr.  Expt.  Sta.,  17th  Ann.  Rept.,  1903-4,  p.  446. 

4  Hortvet,  J.  Am.  Chem.  Soc.,  26,  1523  (1904). 

6  Assocn.  Official  Agr.  Chem.,  Methods,  1925,  p.  204.  In  112  the  quan¬ 
tity  of  water  to  be  used  in  the  preparation  of  the  basic  acetate  solution  should 
be  500  cc. 

6  Winton  and  Kreider,  J.  Am.  Chem.  Soc.,  28,  1204  (1908). 

7  Laboratory  Inland  Revenue  Dept.  (Ottawa),  Bull.  120  (1906); 
140  (1907).  The  Food  and  Drugs  Laboratories  of  the  Department  of 
Health  are  successors  to  this  laboratory. 

8  Snell  and  Scott,  J.  Ind.  Eng.  Chem.,  5,  993  (1913). 

9  Laboratory  Inland  Revenue  Dept.  (Ottawa),  Bull.  140  (1907); 

228  (1911). 


observer,  of  0.13  between  the  means  of  two  observers,  of  0.16 
between  duplicates  in  another  series  of  experiments  (printed 
figures  give  0.19)  and  occasional  differences  as  great  as  0.20 
(equal  to  10  per  cent  in  a  lead  number  of  2.0)  being  found. 
The  experiments  of  Valin,  reported  by  Snell,10  indicated  that 
actually  different  quantities  of  lead  were  precipitated  in  the 
duplicate  determinations.  On  the  other  hand,  Lancaster11 
has  expressed  the  opinion  that  the  variations  between  dupli¬ 
cates  are  probably  due  mainly  to  irregularities  in  the  washing. 

In  the  present  work  the  effects  of  temperature  and  quantity 
of  reagent,  as  well  as  methods  of  washing,  have  been  studied 
with  a  view  to  improving  this  simple  and  useful  determination. 

Materials 

The  lead  subacetate  solution  was  made  from  Horne’s  salt 
according  to  the  A.  O.  A.  C.  directions.  It  contained  0.2243 
gram  lead  per  cubic  centimeter.  The  ratio  of  neutral  to 
basic  lead10  was  1.88. 

The  sirups  were  collected  in  Ontario  and  Quebec  by  dis¬ 
trict  representatives  of  the  Provincial  Departments  of  Agri¬ 
culture,  instructed  to  collect  only  samples  of  unquestionable 
purity.  A  few  (4  to  9)  were  supplied  by  A.  Valin,  analyst  of 
the  Dominion  Department  of  Health  in  charge  of  the  Mon¬ 
treal  Laboratory. 

Time  Required  for  Maximum  Precipitation 

Except  for  the  time  of  standing,  the  prescribed  method5 
was  closely  followed.  The  results  are  recorded  in  Table  I. 
Except  in  sirup  2  at  one-half  hour,  the  results  show  no  varia- 

10  Snell,  J.  Assocn.  Official  Agr.  Chem.,  i,  428  (1921). 

11  Lancaster,  Ibid.,  8,  372  (1925). 
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tions  exceeding  the  range  of  those  between  duplicate  de¬ 
terminations. 


Table  I — Effect  of  Varying  Time  of  Standing  on  Canadian  Lead 

Number 


Time 

/- - * 

A 

Sirup  2 

B 

Mean 

_ < 

A 

Sirup  1 

B 

1 - s 

Mean 

, - Si 

A 

RUP  13 

B 

Mean 

Hours 

Vi 

2.54 

2.64 

2.59 

2.41 

2.37 

2.39 

3.19 

2.99 

3.09 

1 

2.79 

2.78 

2.79 

2.35 

2.41 

2.38 

3.20 

3.34 

3.27 

lVi 

2.69 

2.73 

2.71 

2.44 

2.46 

2.45 

3.34 

3.26 

3.30 

2 

2.74 

2.84 

2.79 

2.42 

2.28 

2.35 

3.35 

3.46 

3.40 

2i/a 

2.78 

2.90 

2.84 

2.38 

2.38 

3.31 

3.10 

3.20 

3 

2.81 

2.91 

2.86 

2.37 

2.37 

3.03 

3.14 

3.08 

5 

2.24 

2.28 

2.26 

3.16 

3.29 

3.22 

Precipitation  at  Various  Temperatures 


The  aliquot  sample  was  heated  to  the  required  temperature 
on  a  water  bath,  the  subacetate  added,  and  the  temperature 
maintained  within  2  degrees  for  2  hours. 

The  results  in  Table  II  are  the  averages  of  duplicate  de¬ 
terminations.  They  are  represented  graphically  in  Figure  1. 
At  100°  C.  the  precipitates  were  light  brown,  coagulated  im¬ 
mediately,  and  darkened  to  deep  chocolate  on  standing.  At 
80°  C.  the  precipitates  curdled  immediately;  on  standing,  a 
clear  sirupy  layer  formed  at  the  surface,  in  which  a  fine 
secondary  precipitate  developed,  similar  to  that  formed  at 
room  temperature.  After  .2  hours  the  color  of  the  precipitate 
resembled  that  of  the  room-temperature,  rather  than  that  of 
the  100°  C.,  precipitate. 


Table  II — Effect  of  Temperature  of  Precipitation  on  Canadian  Lead 

Number 


(Averages  of  duplicates) 


Temperature 

Sirup  9 

Sirup  11 

Sirup  12 

Sirup  13 

°  C. 

100 

2.826 

1.590 

2.174 

2.386 

80 

3.284 

1.512 

2.240 

2.500 

60 

3.620 

1.539 

2.139 

2.800 

40 

4.484 

2.230 

2.696 

3.500 

20 

4.630 

2.640 

2.840 

3.676 

In  all  four  sirups  there  was  a  great  falling  off  in  amount  of 
precipitate  between  40°  and  60°  C.,  and  a  smaller  change  be¬ 
tween  20°  and  40°  C.  Either  the  substances  constituting 
the  precipitate  are  more  soluble  in  hot  solution  than  in  cold, 
or  the  precipitate  obtained  at  high  temperatures  is  differently 
constituted  from  that  formed  at  room  temperature.  Dif¬ 
ferences  in  the  physical  nature  of  the  precipitates  favor  the 
second  supposition. 

Precipitation  at  room  temperature  appears  most  advan¬ 
tageous. 


Quantity  of  Reagent 

Results  with  0.5  to  5  cc.  of  lead  subacetate  solution  are 
given  in  Table  III.  Maxima  occur  at  1.0  to  2.0  cc.,  the 
amount  of  precipitate  falling  off  rapidly  when  more  than  2.0 
cc.  are  added. 

In  no  case  is  the  lead  number  such  as  to  indicate  that  nearly 
all  the  lead  of  the  reagent  has  been  precipitated.  Thus,  as¬ 
suming  the  precipitate  to  contain  70  per  cent  of  lead,12  the 
largest  precipitate  obtained  with  the  smallest  quantity  of 
reagent  (0.5  cc.) — viz.,  that  from  sirup  7 — would  represent 
2.506  X  70  -T-  2000  =  0.08771  gram  of  lead,  which  is  only 
78  per  cent  of  the  0.1122  gram  contained  in  the  0.5  cc.  of 
reagent.  A  similar  calculation  on  sirup  2  indicates  that  the 
precipitants  of  that  sirup  took  down  only  60  per  cent  of  the 
lead  of  the  0.5  cc.  of  reagent.  On  the  other  hand,  in  view  of 
the  greater  amounts  of  precipitate  obtained  with  1.0  to  2.0  cc. 
of  reagent,  it  is  evident  that  the  precipitants  of  the  sirup  are 

12  Scott  found  67  to  70  per  cent  lead  in  precipitates  produced  by  the 
Canadian  lead  method.  See  Snell,  J.  Ind.  Eng.  Chem.,  8,  144  (1916). 


not  exhausted  by  the  0.5  cc.  of  reagent.  It  is  clear,  therefore, 
that  the  solubility  of  the  precipitate  in  the  liquid  present 
cannot  be  very  low.  This  solubility  appeared  to  the  authors 
greater  than  was  to  be  expected  if  the  water  present  were  the 
sole  solvent.. 


Table  III — Effect  of  Varying  Amounts  of  Lead  Subacetate  on 
Canadian  Lead  Number 


(Averages  of  duplicates) 


Volume  of  Reagent 

Sirup  3 

Sirup  1 

Sirup  2 

Sirup  4  Sirup  7 

Cc. 

0.5 

2.066 

1.936 

2.368 

2.506 

1.0 

2.508 

2.633 

2.710 

3.074 

4.136 

1.5 

2.470 

2.594 

2.727 

3. 152 

4 . 658 

2.0 

2.408 

2.577 

2.744 

2.962 

5.04Z 

2.5 

2.250 

2.453 

2.594 

2.852 

4.916 

3.0 

2.132 

2.150 

2.343 

2.728 

4.928 

4.0 

1.593 

1.674 

1.978 

2.442 

4.722 

5.0 

1.121 

1.918 

4.294 

4.0  reduction  from  maximum 

0.915 

0.959 

0.766 

0.710 

0.320 

Per  cent  reduction  of  maximum 

36.5 

36.4 

27.9 

22.5 

6.3 

4 . 0  reduction  from  2 . 0 

0.815 

0.903 

0.766 

0,520 

0.320 

Per  cent  reduction  of  2.0  cc. 

number 

33.8 

35.1 

27.9 

17.5 

6.3 

5 . 0  reduction  from  2 . 0 

1.456 

1.044 

0.748 

Per  cent  reduction  of  2 . 0  cc. 

number 

56 . 5 

.... 

35.2 

14.8 

Range  of  values  in  the  five  sirups: 

Using  1.0  cc.  reagent,  4.136  —  2.508  =  1.628  =  64.9  %  of  minimum 
Using  1.5  cc.  reagent,  4.658  —  2.470  =  2.188  =  88.6  %  of  minimum 
Using  2.0  cc.  reagent,  5.042  —  2.408  =  2.634  =  109.5  %  of  minimum 


Work  on  the  Winton  method  had  led  Ross13  to  the  con¬ 
clusion  that  the  precipitates  produced  by  interaction  of  maple 
sirups  and  basic  lead  acetate  solutions  were  soluble  both  in 
sucrose  and  in  excess  of  the  subacetate.  As  this  would  ac¬ 
count  both  for  the  incomplete  precipitation  of  lead  by  excess 
of  sirup  and  for  the  falling  off  of  lead  values  in  presence  of 
excess  of  subacetate,  it  was  decided  to  seek  confirmation  of 
Ross’s  conclusion. 


7~e  m  p  er  at  u  re 

Figure  I — Effect  of  Temperature  of  Precipitation  upon 
Canadian  Lead  Numbers 


Effect  of  Sucrose 

(A)  Four  aliquots  from  sirup  11  were  precipitated  as  in  the 
Canadian  lead  method.  After  2  hours’  standing,  as  much  of 
the  supernatant  liquid  as  possible  was  decanted  onto  tared 
Gooches.  In  two  of  the  containers  the  decanted  sirup  was 
replaced  by  an  equal  volume  of  25  per  cent  sucrose  solution; 
in  the  other  two  by  an  equal  volume  of  water.  The  mixtures 
were  stirred  and  allowed  to  settle.  This  was  repeated  three 
times.  Then  the  precipitates  were  transferred  to  the  Gooches, 
washed  with  hot  water  as  usual,  dried,  and  weighed.  Ex¬ 
pressed  as  lead  numbers,  the  average  of  the  sucrose  dupli¬ 
cates  was  1.932,  that  of  the  water  duplicates,  2.138. 

(B)  To  20-cc.  aliquots  of  a  solution  from  sirup  13  contain¬ 
ing  5  grams  of  dry  matter,  20  cc.  of  a  60  per  cent  sucrose  solu¬ 
tion  and  2  cc.  of  the  standard  lead  subacetate  were  added. 
A  check  determination  was  run  with  20  cc.  of  water  in  the 
place  of  the  sucrose  solution.  The  determinations,  completed 

13  Ross,  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  53  (1910). 
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in  the  usual  way,  averaged  2.672  for  the  sucrose  duplicates 
and  3.786  for  the  water  checks. 

The  results  of  both  series  of  experiments  evidence  a  con¬ 
siderably  greater  solubility  of  the  precipitate  in  sucrose  solu¬ 
tion  than  in  water. 

Effect  of  Excess  of  Lead  Subacetate 

Four  aliquots  from  each  of  three  sirups  were  precipitated  in 
the  usual  manner.  After  standing  1  hour — a  time  found 
sufficient  for  complete  precipitation  (see  Table  I) — an  ad¬ 
ditional  3-cc.  portion  of  the  subacetate  was  added  to  each  of 
two  of  each  set  of  four  aliquots.  All  were  then  allowed  to 
stand  1  hour  longer  and  the  determinations  completed  as 
usual.  The  results,  recorded  in  Table  IV,  show  clearly  that 
the  precipitate  (or  some  constituent  thereof)  is  freely  soluble 
in  excess  of  the  reagent.  Both  Ross’s  conclusions  are  thus 
confirmed. 

The  solvent  effect  of  sucrose  will  probably  not  vary  much 
from  sirup  to  sirup.  The  same  quantity  of  dry  matter,  as 
indicated  by  the  refractometer,  is  used  in  all  the  determi¬ 
nations  of  Canadian  lead  value,  and  the  proportions  of 
invert  sugar  and  other  constituents  in  this  dry  matter  are 
small  in  comparison  with  the  sucrose.  The  proportions  of 
the  various  substances  which  react  with  the  basic  lead  acetate 
no  doubt  differ  also  to  some  extent  in  different  sirups,  and 
the  solvent  effect  of  the  sucrose  may  vary  to  some  extent  with 
the  composition  of  the  precipitate.  Inasmuch,  however,  as 
the  range  of  variation  of  lead  value  in  genuine  sirups  is  de¬ 
termined  by  the  same  procedure  as  is  used  in  testing  for 
adulteration,  the  solvent  effect  of  the  sucrose  would  not  appear 
to  be  a  factor  of  much  significance  in  reference  to  the  detec¬ 
tion  of  adulteration.  Experimentation  upon  concentrations 
other  than  25  grams  dry  matter  per  100  cc.  might  possibly  be 
fruitful,  but  the  prospect  is  not  so  good  as  for  modifications  of 
the  method  in  other  directions. 

Table  IV — Solvent  Effect  of  Lead  Subacetate  on  Canadian  Lead 

Precipitates 

(Averages  of  duplicates) 

Canadian  Lead  Numbers 


Method 

Sirup  36 

Sirup  13 

Sirup  40 

Usual  procedure  with  2  cc.  subacetate 
With  addition  of  3  cc.  extra  subacetate 

2.216 

3.324 

5.280 

after  1  hour 

1.216 

1.860 

4.440 

Reduction 

1.000 

1.464 

0.840 

Per  cent  reduction  of  2  cc.  number 

45.1 

44.1 

15.9 

As  regards  the  basic  lead  acetate,  it  is  very  evident  that  the 
solvent  effect  will  not  be  identical  for  all  sirups.  The  lower 
the  content  of  precipitable  matter,  the  greater  will  be  the  ex¬ 
cess  of  basic  acetate  and,  therefore,  the  greater  its  solvent 
effect  on  the  precipitate.  Consequently,  low  lead  numbers 
will  be  reduced  much  more  than  high  ones.  The  range  of 
the  Canadian  lead  number  in  genuine  maple .  goods  will  there¬ 
fore  be  wider  than  the  range  of  content  of  the  substances  upon 
which  the  determination  depends.  (The  data  of  Tables  III 
and  IV  show  a  greater  effect  of  excess  of  subacetate  on  low 
than  on  high  lead  values.)  In  spite  of  this  disadvantageous 
effect  of  the  excess  of  reagent,  however,  the  range  of  variation 
of  Canadian  lead  number  appears  to  be  narrower  than  that 
of  the  majority  of  analytical  values  of  maple  products.14  In 
particular,  it  appears  to  be  distinctly  narrower  than  that  of 
the  malic  acid  value — -a  value  determined  by  a  method  (pre¬ 
cipitation  by  calcium  and  alcohol)  designed  to  measure  the 
constituent  which  is  largely  responsible  for  the  precipitation 
of  the  lead  of  the  subacetate  reagent,  viz.,  the  malate  radical. 

The  solvent  effect  of  the  lead  subacetate  might  probably 
be  diminished  and  the  range  of  lead  numbers  in  genuine  goods 
somewhat  narrowed  by  using  a  smaller  quantity  of  the  reagent 
than  2  cc.  Table  III  shows  that  the  two  sirups  with  lowest 

u  Trans.  Roy.  Soc.  Can.,  [3],  13,  III,  221  (1919). 


lead  numbers  (1  and  3)  give  a  greater  precipitation  with  1 
than  with  2  cc.  It  will  be  noted  also  that,  in  the  five  sirups 
involved,  the  range  of  variation  of  the  lead  number  is  much 
narrower  when  1  than  when  2  cc.  of  reagent  are  used — viz., 
65  per  cent  of  the  minimum  of  value  as  compared  with  110 
per  cent.  This  point  deserves  study  on  a  greater  number  of 
samples.  The  fact  that  in  sirups  of  high  lead  value  the  maxi¬ 
mum  precipitation  would  not  be  reached  with  less  than  2  cc. 
of  reagent  is  not  important,  as  it  is  those  of  low  lead  value 
that  are  likely  to  be  under  suspicion. 

Regulation  of  Washing 

In  the  current  method  filtration  becomes  slow  as  soon  as 
the  precipitate  is  transferred  to  the  Gooch,  but  as  soon  as 
all  the  filtrate  has  passed  through,  cracks  form  in  the  pre¬ 
cipitate,  and  added  wash  water  runs  through  very  quickly. 
Hot  -water  tends  to  cause  the  cracking,  even  when  the  pre¬ 
cipitate  is  kept  covered.  As  the  surface  of  contact  and  the 
time  of  contact  of  the  precipitate  with  the  wash  water  vary 
considerably  from  experiment  to  experiment,  differences  in 
duplicates  are  to  be  anticipated  and  the  magnitude  of  these 
differences  will  depend  upon  the  solubility  of  the  lead-maple 
precipitate  in  hot  water. 

Table  V — Solubility  of  Lead-Maple  Precipitate  in  Hot  Water 

Canadian  Precipitate  Dissolved 


Lead 

Total  Solids  in 

In  250  cc. 

In  500  cc. 

Sirup 

Number 

100  cc.  Aliquots 

water 

water 

Gram 

Per  cent 

Per  cent 

36 

2.2 

0.0173 

38.05 

58.08 

41 

3.1 

0.0266 

43.50 

60.62 

40 

5.2 

0.0373 

34.12 

50.49 

To  get  an  idea  of  the  magnitude  of  this  solubility,  the  well- 
washed  precipitates  from  the  Canadian  lead  number  deter¬ 
minations  of  three  sirups  together  with  the  asbestos  were 
transferred  to  flasks,  heated  on  a  steam  bath  5  hours  with 
250  cc.  water  under  return  condensers,  and  brought  to  boiling. 
One  hundred  cubic  centimeter  aliquots  of  the  filtered  solution 
were  evaporated  at  100°  C.  The  results  are  shown  in  Table 
V.  Portions  of  the  filtered  solutions  also  were  allowed  to 
cool.  In  these  a  fine  white  precipitate  formed,  showing  that 
the  solubility  is  greater  in  hot  than  in  cold  water. 

The  residues  from  the  first  treatment  were  again  treated 
with  250  cc.  of  water  in  the  same  manner,  with  the  results 
shown  in  the  last  column  of  Table  V.  It  is  clear,  then,  that 
the  solubility  of  the  precipitate  in  hot  water  is  great  enough 
to  demand  careful  regulation  of  the  washing  process. 

Washing  by  Centrifugal  Decantation 

It  appeared  that  more  uniform  conditions  of  time  and  con¬ 
tact  ought  to  be  obtainable  by  a  decantation  process.  The 
slow  settling  of  the  precipitate,  however,  offered  a  difficulty, 
and  centrifugal  settling  was  adopted.  The  precipitation  was 
performed  in  centrifuge  tubes.  After  2  hours’  standing  the 
tubes  were  whirled  for  a  few  seconds  in  a  Babcock  milk-test 
centrifuge.  The  supernatant  liquid  was  decanted  to  the 
Gooch  and  17.4  cc.  of  hot  water  were  delivered  into  the  tube 
from  an  automatic  pipet,  connected  by  asbestos-insulated 
tubes  with  a  flask  of  boiling  water.  After  mixing  and  a  few 
seconds’  standing,  the  tube  was  again  whirled  in  the  centri¬ 
fuge  and  the  supernatant  liquid  decanted.  This  was  re¬ 
peated  to  a  total  of  four  washings.  After  the  second  washing 
the  use  of  the  centrifuge  was  usually  superfluous  as  the  pre¬ 
cipitate  had  become  granular  and  so  settled  well.  A  fifth 
and  a  sixth  portion  of  wash  water  were  used  in  transferring 
the  precipitate  to  the  Gooch,  making  104.4  cc.  of  wash  water 
in  all. 

The  results  of  eight  determinations  by  the  established 
method  and  six  determinations  by  the  centrifugal  decantation 
method  on  each  of  three  sirups  are  summarized  in  Table  VI. 
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It  will  be  observed  that  washing  by  decantation  reduces  the 
range  of  variation  to  about  half  that  shown  where  ordinary 
washing  was  practiced.  The  variations  between  duplicates 
in  the  writers’  determinations  by  the  established  Canadian 
lead  method  are  of  the  same  general  magnitude  as  in  those 
reported  by  the  Laboratory  of  the  Inland  Revenue  Depart¬ 
ment.15  The  latter  were  0.10  in  ten  sirups  of  average  lead 
number  1.92  =  5.2  per  cent;  0.13  in  10  sirups  of  average  lead 
number  1.97  =  4.6  per  cent;  0.16  (or,  according  to  the  figures 
of  the  table  as  printed,  0.19)  in  twenty-four  sirups  of  average 
lead  number  3.11  =  5.1  (or  6.1)  per  cent. 


Table  VI — Comparison  of  Canadian  Lead  Numbers,  Decantation 
Method  with  Ordinary  Method 

Sirup  31  Sirup  44  Sirup  48 


Method  of 
Washing  Ppt. 

Mean 

Variation 
max.  to 
min. 

Mean 

Variation 
max.  to 
min. 

Mean 

Variation 
max.  to 
min. 

Decantation: 

6  detns. 

2.353 

Per  cent 
of  mean 

2.61 

3.682 

Per  cent 
of  mean 

3.04 

4.721 

Per  cent 
of  mean 

1.44 

In  crucible: 

8  detns. 

2.107 

5.79 

3.472 

5.88 

4.325 

2.68 

Duplicate  determinations  made  on  nine  sirups  by  the  de¬ 
cantation  method  gave  the  results  reported  in  Table  VII. 
It  will  be  observed  that  the  average  variation  of  duplicates 
amounts  to  only  0.027  or  0.8  per  cent  of  the  mean,  and  the 
maximum  differences  to  0.056,  equal  to  1.9  per  cent  of  the 
mean. 


Table  VII — Canadian  Lead 

Numbers 

— Decantation 

Method 

Difference 

Difference 

Sirup 

A 

B 

Mean 

of  Duplicates 

in  Mean 

Per  cent 

31 

2.336 

2.360 

2.348 

0.024 

1.0 

36 

2.296 

2.280 

2.288 

0.016 

0.8 

38 

4.132 

4.100 

4.116 

0.032 

0.7 

40 

5.680 

5.716 

5.698 

0.036 

0.6 

44 

3.632 

3.682 

3.657 

0.050 

1  4 

47 

3.544 

3.528 

3.536 

0.016 

0.45 

48 

4.608 

4.600 

4.604 

0.008 

0.2 

49 

2.936 

2.992 

2.964 

0.056 

1.9 

50 

2.688 

2.692 

2.690 

0.004 

0.15 

Average 

3.545 

0.027 

0.8 

In  all  the  nine  sirups  of  Table  VII  higher  results  were 
obtained  by  the  decantation  method  than  by  the  ordinary 
Canadian  method.  This  was  unexpected,  but  may  be  due 
to  the  facts  (1)  that  the  wash  water  after  passing  through 
the  automatic  pipet  has  a  lower  temperature  than  when 
poured  directly  from  a  wash  bottle  into  the  crucible,  and 
(2)  that  it  cools  still  further  during  the  centrifugation.  In 
other  words,  though  more  thorough  contact  of  precipitate 
with  wash  water  is  secured  than  in  the  regular  method,  that 
contact  is  with  water  of  lower  solvent  power  than  in  the 
regular  method.  It  would  seem  probable  that  centrifugal 
washing  with  water  of  a  temperature  equal  to  that  of  the 
water  used  in  the  regular  method  would  give  lower,  rather 
than  higher,  lead  values;  but  such  washing  is  obviously 
difficult  to  secure  in  practice. 

Volume  of  Wash  Water 

Sets  of  three  aliquots  of  solutions  of  two  sirups  were  treated 
by  the  decantation  method  with,  respectively,  3,  6,  9,  and  12 
portions  of  hot  water  from  the  17.4-cc.  pipet,  making  the 
approximate  total  volumes  of  wash  water  50,  100,  150,  and 
200  cc.  The  results  are  recorded  in  Table  VIII. 

Table  VIII — Effect  of  Volume  of  Wash  Water  on  Precipitate.  Cana¬ 
dian  Lead  Numbers — Decantation  Method 


(Means  of  triplicates) 


Volume,  cc. 

50 

100 

150 

200 

Simp  38 

4.320 

4.026 

3.874 

3.769 

Simp  54 

2.496 

2.279 

2.133 

1.843 

The  steady  decrease  of  lead  number  with  increasing  amount 
of  wash  water  is  attributable  to  the  dissolving  of  the  precipi- 

15  Laboratory  Inland  Revenue  Dept.  (Ottawa),  Bull.  228,  11  (1911). 


tate  in  the  hot  water.  Using  the  regular  method  in  a  similar 
series  of  experiments,  Scott8  failed  to  detect  this  difference 
and  concluded  that  it  was  indifferent  whether  100  or  150  cc. 
of  hot  water  were  used  in  the  washing. 

Time  Required  for  Complete  Precipitation 

Determinations  by  the  decantation  method  were  made 
upon  triplicate  aliquots  from  each  of  three  sirups  with,  re¬ 
spectively,  y6,  1  / 2,  1,  2,  and  5  hours’  standing.  The  results 
(Table  IX)  show  a  steady  increase  in  lead  number  with  time 
of  standing.  The  original  method  failed  to  detect  such  a 
time  effect  both  in  the  writers’  hands  (Table  I)  and  in  those  of 
Valin.10  This  is  to  be  attributed  to  the  superior  precision 
of  the  decantation  method.  „ 

Table  IX — Effect  of  Time  on  Precipitation.  Canadian  Lead  Num¬ 
bers — Decantation  Method 

(Means  of  triplicates) 

Sirup  10  Minutes  30  Minutes  1  Hour  2  Hours  5  Hours 

35  2.581  2.608  2.685  2.752  2.778 

36  1.960  2.024  2.076  2.080  2.147 

25  3.324  3.467  3.496  3.496  3.577 

Washing  with  Cold  Water  without  Centrifugal 
Decantation 

It  was  found  that  cracking  of  the  precipitate  in  the  Gooch 
crucible  could  be  prevented  by  washing  with  cold  water, 
taking  care  to  keep  the  precipitate  continually  covered.  (It 
has  been  observed  that  when  the  rate  of  filtration  exceeds 
40  drops  per  minute,  cracking  may  occur  even  under  cold 
water. — J.  F.  S.) 

Eight  aliquots  from  each  of  three  sirups  were  treated  by 
this  method  and  eight  by  the  regular  method.  In  the  cold 
washing  the  crucibles  were  filled  four  times  with  cold  water, 
each  portion  being  added  just  before  the  last  of  the  preceding 
liquid  passed  through.  The  results  are  summarized  in  Table 
X.  They  show  marked  superiority  for  the  cold  water  method 
as  regards  precision.  It  may  be  pointed  out  that  greater 
variations  among  multiplicate  determinations  by  the  regular 
method  are  shown  with  sirup  42  than  with  those  included  in 
Tables  VI  and  VII,  and  that  in  this  series  of  experiments  on 
sirup  48  a  considerably  wider  range  (though  the  same  mean) 
was  found  than  in  the  series  reported  in  Table  VI. 

Table  X — Comparison  of  Canadian  Lead  Numbers,  Cold  Water 
Method  of  Washing  with  Ordinary  Method 

Sirup  42  Sirup  43  Sirup  48 

Variation  Variation  Variation 

Method  of  max.  to  max.  to  max.  to 


Washing 

Mean 

min. 

Mean 

min. 

Mean 

min. 

Per  cent 
of  mean 

Per  cent 
of  mean 

Per  cent 
of  mean 

Cold  water: 

8  detns. 

3.310 

4.11 

2.933 

3.55 

4.495 

2.49 

Hot  water: 

8  detns. 

3.180 

11.07 

2.710 

4.30 

4.329 

8.59 

From  the  eight  determinations  on  sirup  48  by  the  ordinary 
method,  reported  in  Table  X,  the  lowest  value  obtained  was 
4.152  and  the  next  lowest  4.252  (which  coincides  with  the 
minimum  reported  for  the  same  sirup  by  the  same  method 
in  Table  VI).  If  we  reject  the  lowest  value,  the  mean  be¬ 
comes  4.354  and  the  range  (4.252-4.524  =  0.272)  6.25  per 
cent  of  the  mean,  which  is  still  considerably  more  than  twice 
that  of  the  values  by  the  cold  washing  method. 

Compared  with  washing  with  hot  water  by  centrifugal  de¬ 
cantation,  washing  with  cold  water  appears  to  be  somewhat 
less  precise  but  more  convenient.  In  the  sirups  to  which  it 
has  been  applied  it  has,  like  the  decantation  method,  yielded 
lead  values  somewhat  greater  than  those  by  the  regular 
method. 

It  should  be  pointed  out  that  the  ranges  of  variation  dis¬ 
cussed  here  are  those  between  determinations  made  upon 
aliquots  of  the  same  dilution  of  a  sirup  by  the  same  observer 
on  the  same  day.  While,  therefore,  well  adapted  to  their 
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purpose,  they  no  doubt  represent  a  degree  of  precision  much 
beyond  that  to  be  expected  of  results  by  different  observers 
or  even  by  the  same  observer  at  different  times.  In  Table 
VII,  for  example,  we  have  two  determinations  on  sirup  48  by 
the  decantation  method  which  both  give  values  far  below  the 
minimum  found  by  the  same  observer  on  another  day  in  the 
series  reported  in  Table  VI. 

Proposed  Modification  of  Method 

Further  study  of  the  advisability  of  using  1.0  or  1.5  cc.  of 
subacetate  reagent  is  being  made  under  direction  of  the  senior 
author  (J.  F.  S.).  Retaining  for  the  present  the  use  of  2  cc., 
the  directions  for  the  cold  washing  method  (Canadian  lead 
method,  Fowler  modification)  are  as  follows: 

Preparation  of  Lead  Subacetate  Solution — Boil  280 
grams  of  Horne’s  dry  basic  lead  acetate  with  500  cc.  of  water. 
Pour  off  from  slight  undissolved  residue,  allow  to  cool,  and 
dilute  with  recently  boiled  water  to  a  density  of  1.25  at  20°  C. 

Determination — Weigh  the  quantity  of  prepared  sirup 
containing  25  grams  of  dry  matter,  transfer  to  a  100-cc. 
volumetric  flask,  and  make  up  to  mark  at  20°  C.  Pipet  20 
cc.  into  a  large  test  tube,  add  2  cc.  basic  lead  acetate  solution, 
cork,  and  allow  to  stand  2  hours. 

Filter  with  suction  on  a  25-cc.  tared  Gooch  having  an  as¬ 
bestos  mat  at  least  3  mm.  thick.  Before  quite  all  the  liquid 
has  passed  through,  fill  the  crucible  with  cold  water.  Repeat 
the  washing  to  a  total  of  four  times,  taking  care  to  prevent 
formation  of  fissures  by  keeping  the  precipitate  completely 


covered  with  water  and  filtering  at  a  rate  not  exceeding  40 
drops  per  minute.  Dry  at  100°  C.,  weigh,  and  multiply  the 
weight  by  20. 

Summary 

1 —  In  the  current  Canadian  lead  method,  large  experi¬ 
mental  errors  occur  due  to  the  formation  of  fissures  in  the 
precipitate  and  consequent  irregularities  in  the  solvent  action 
of  the  hot  wash  water. 

2 —  Washing  by  decantation,  using  centrifugal  settling, 
eliminates  the  error  due  to  cracking  and  greatly  reduces  the 
difference  between  duplicates.  With  the  greater  precision 
attained  by  this  procedure,  it  becomes  evident  that  increasing 
the  volume  of  wash  water  decreases  the  lead  number. 

3 —  The  lead-maple  precipitate  is  soluble  in  sucrose  solution 
and  in  excess  of  the  basic  lead  acetate  solution.  In  different 
sirups  maximum  precipitation  is  realized  with  different  quan¬ 
tities  of  the  reagent. 

4 —  Much  lower  results  are  obtained  by  precipitating  at 
40°  C.  than  at  room  temperature.  Results  at  60°,  80°,  and 
100°  C.  are  lower  than  at  40°  C. 

5 —  The  amount  of  precipitate  increases  slightly  with  the 
interval  between  addition  of  reagent  and  filtration. 

6 —  Washing  with  cold  water,  keeping  the  precipitate  cov¬ 
ered  therewith,  and  avoiding  too  rapid  filtration,  prevents 
cracking  and  gives  results  much  more  precise  and  somewhat 
higher  than  those  obtained  in  the  current  procedure.  The 
adoption  of  cold  water  washing  is  proposed. 


XI — Composition  of  the  Canadian  Lead  Precipitate 


No  detailed  analysis  of  the  precipitates  produced  upon 
addition  of  basic  lead  acetate  solutions  to  diluted  maple 
sirups,  as  in  the  determination  of  the  lead  numbers  em¬ 
ployed  in  the  detection  of  adulteration,16  has  been  published. 
As  salts  are  known  to  constitute  the  bulk  of  the  non-sugar 
solids  of  the  sirup  and  malates  to  be  the  most  abundant 
of  these,  it  would  appear  probable  that  lead  malates,  normal 
or  basic,  would  be  the  chief  constituents  of  the  precipitate. 
Scott’s  analyses,  reported  by  Snell,17  show  a  lead  content 
of  69.4  per  cent  in  the  Canadian  lead  precipitate  from  a 
composite  of  fifty-four  Canadian  sirups,  one  of  70.1  per 
cent  in  another  mixture  of  sirups,  and  from  66.95  to  69.62 
(average  68.4)  in  six  individual  sirups,  having  Canadian  lead 
numbers  1.79  to  5.08,  the  lead  content  of  the  precipitate  being 
higher  the  lower  the  lead  value.  These  results  suggest  a 
composition  approximating  that  of  a  hydrated  basic  salt  with 
equal  quantities  of  neutral  and  basic  lead.  (Anhydrous  normal 
lead  malate  would  have  61.07  per  cent;  the  monohydrated 
basic  salt,  2  PbO.  C4H4O4.  H?0,  71.39  per  cent;  and  the  anhy¬ 
drous  basic  salt,  2  PbO.  C4H4O4,  73.68  per  cent  Pb.) 

In  the  present  investigation  lead,  basic  lead,  carbon,  hy¬ 
drogen,  and  total  organic  acids  were  determined  in  the  pre¬ 
cipitates  from  three  Quebec  sirups  of  the  1927  crop,  and  a 
polarimetric  determination  of  malic  acid  was  made  in  a  com¬ 
posite  of  precipitates  from  some  twenty  or  thirty  sirups.  For 
all  the  determinations  except  that  of  the  malic  acid  the  sirups 
were  precipitated  in  the  usual  manner  of  the  Canadian  lead 
method,  the  precipitates  were  washed  with  hot  water  by  the 
decantation  method  described  in  Part  X,  and  weighed  as 
well  as  analyzed. 

Methods  of  Analysis 

Total  Lead — The  precipitate  was  dissolved  from  the  as¬ 
bestos  filter  with  hot  2  N  nitric  acid.  The  solution  was 

16  Assocn.  Official  Agr.  Chem.,  Methods,  1925,  p.  204. 

17  Snell,  J.  Ind.  Eng.  Chem.,  8,  144  (1916). 


neutralized  with  sodium  hydroxide,  acidified  with  acetic 
acid,  and  precipitated  with  potassium  chromate.  The  pre¬ 
cipitate  was  dried  and  weighed.  Determinations  were  made 
in  duplicate. 

Basic  Lead — Determinations  were  made  in  quadruplicate. 
The  filtrate  and  washings  from  the  Canadian  lead  precipitate 
were  treated  with  10  cc.  of  0.5  N  oxalic  acid  and  filtered. 
The  filtrate  was  titrated  with  0. 1 N  sodium  hydroxide.  Blank 
determinations  were  run  on  2  cc.  of  the  lead  subacetate  re¬ 
agent,  25  per  cent  sucrose  solution  being  substituted  for  the 
maple  sirup.  The  difference  between  the  amounts  of  the 
alkali  neutralized  in  the  blank  and  in  the  experiment  proper, 
corrected  for  the  acidity  found  in  the  maple  sirup  itself,  repre¬ 
sents  the  alkalinity  of  the  precipitate.  This  is  calculated  to 
per  cent  basic  lead  in  the  precipitate,  which  was  dried  and 
weighed  as  usual. 

Sirup  41,  for  example,  gave  0.1660  gram  of  precipitate. 
From  40.9  to  41.2  cc.  of  0.102  N  sodium  hydroxide  were 
required  to  neutralize  the  residual  acidity  from  10  cc.  0.497 
N  oxalic  acid.  The  average  titration  was  41.05  cc.  That 
for  the  blank  was  34.63  cc.;  that  for  the  sirup  itself,  0.36  cc. 
The  difference  in  alkalinity  of  the  liquid  due  to  formation  of 
the  precipitate  is  therefore  equivalent  to  41.05  —  34.63  —  0.36 
=  6.06  cc.  0.102  N  —  6.18  cc.  0.1  N  =  0.0640  gram  lead. 
Therefore,  the  precipitate  contains  38.53  per  cent  of  basic  lead. 

In  the  other  two  sirups  the  variations  of  the  titrations  were 
less  than  in  sirup  41. 

Organic  Acids— Determinations  were  made  in  duplicate. 
The  dried  precipitate  was  ground  in  the  crucible,  transferred 
with  the  asbestos  to  a  flask,  covered  with  100  cc.  water,  and 
transformed  with  hydrogen  sulfide.  To  effect  complete 
transformation  it  was  found  necessary  to  alternate  heating 
to  boiling  and  passing  the  gas  to  coldness  several  times. 

Carbon  and  Hydrogen — From  two  to  four  determinations 
were  made  on  precipitates  from  each  sirup.  The  precipitate 
and  asbestos  were  transferred  to  a  combustion  boat  and 
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burned  in  oxygen  in  an  electrically  heated  combustion  fur¬ 
nace  in  the  usual  manner,  a  copper  spiral  being  used.  By 
use  of  blank  determinations  the  hydrogen  results  were  cor¬ 
rected  for  water  given  off  by  the  asbestos.  The  residue  in 
the  boat  contained  metallic  lead  and  litharge. 

Malic  Acid— To  determine  generally  what  proportion  of 
the  total  organic  acids  in  the  precipitate  is  malic,  about  fifty 
precipitates,  obtained  from  a  large  (unrecorded)  number  of 
sirups,  were  ground  together  and  transformed  with  hydrogen 
sulfide  as  described  above.  The  solution  of  the  acids  (1500 
cc.)  was  concentrated  to  about  200  cc.,  boiled  with  decoloriz¬ 
ing  carbon,  and  filtered.  Different  decolorizing  carbons  were 
used  in  duplicate  experiments. 

Total  acids  were  determined  in  a  measured  volume  of  the 
filtrate  by  titration  with  0.05  A  sodium  hydroxide.  Mafic 
acid  was  determined  by  polarization  of  the  neutralized  solu¬ 
tion,  with  and  without  saturation  with  uranyl  acetate.18 

Discussion  of  Results 

The  results  are  summarized  in  the  accompanying  table. 
The  lead  content  of  precipitates  is  higher,  the  lower  the 
Canadian  lead  number.  For  two  of  the  sirups  the  results  on 
total  lead  are  higher  than  any  of  Scott’s;  for  the  third,  lower 
than  any  but  one  of  Scott’s.  It  should  be  borne  in  mind, 
however,  that  the  method  of  washing  and  also  the  method  of 
determining  the  lead  were  different  in  the  two  investigations. 
The  basic  lead  is  higher,  the  lower  the  Canadian  lead  number. 


Composition  of  Canadian  Lead  Precipitates  of  Three  Maple  Sirups 


Sirup  36 

Sirup  41 

Sirup  40 

Run  of  sap 

Early 

Middle 

Middle 

Evaporator 

Modern 

Iron 

Modern 

Color 

5 

8 

19 

Canadian  lead  value 

2.19 

3.09 

5.15 

Total  carbon,  per  cent 

11.13 

11.71 

12.23 

Total  hydrogen,  per  cent 

Oxygen,  nitrogen,  sulfur,  etc.,  by  dif- 

1.46 

1.22 

1.15 

ference 

14.77 

16.54 

19.04 

Total  lead,  per  cent 

72.64 

70.53 

67.58 

100.00 

100.00 

100.00 

Basic  lead,  per  cent 

38.62 

38.53 

35.44 

Neutral  lead,  by  difference 

34.02 

32.00 

32.14 

Neutral  lead  equivalent  of  organic  acids 

25.95 

26.70 

28.93 

Neutral  lead  in  excess  of  organic  acids 

8.07 

5.30 

3.21 

Ratio  neutral  lead  (by  acids)  to  basic  lead 
Ratio  of  neutral  lead  (by  difference)  to 

0.77 

0.69 

0.82 

basic  lead 

Total  lead  precipitated  by  100  grams  dry 

0.88 

0.83 

0.91 

matter  of  sirup,  grams 

1.65 

2.24 

3.68 

Normal  lead  malate  equivalent  of  97  per 

cent  of  the  organic  acids 

41.23 

42.40 

45.99 

Dead  oxide  as  base 

41.61 

41.51 

38.18 

Bum 

82.84 

83.91 

84.17 

Carbon  of  normal  lead  malate  as  esti- 

mated  above 

Carbon  of  lead  malate,  per  cent  of  total 

5.84 

5.99 

6.51 

carbon 

52.5 

51.1 

53.2 

Calculated  as  mafic  acid  the  percentages  of  organic  acids 
are:  sirup  36,  16.55;  41,  17.02;  40,  18.46.  In  the  table  the 
equivalent  amounts  of  neutral  lead  are  given.  As  thus  cal¬ 
culated,  the  neutral  lead  is  lower,  the  lower  the  Canadian  lead 
value.  There  is,  however,  a  considerable  discrepancy  be¬ 
tween  this  estimate  of  neutral  lead  and  that  obtained  by 
taking  the  difference  between  total  and  basic  lead,  the  latter 
being  always  the  greater.  This  suggests  that  some  of  the 
neutral  lead  of  the  precipitate  may  be  associated  with  sub¬ 
stances  which  are  not  determinable  as  acids  by  titration. 

The  percentage  of  neutral  lead  by  difference  is  nearly  equal 
in  the  precipitates  from  the  two  sirups  of  higher  lead  values, 
but  distinctly  greater  in  the  other  sirup  (36).  The  content  of 
basic  lead  is  decidedly  higher  than  that  of  neutral  lead,  indi¬ 
cating  the  presence  of  salts  more  basic  than  the  lead  malates 
mentioned  in  the  introduction. 

18  Assocn.  Official  Agr.  Chera.,  Methods,  1925,  p.  213;  Dunbar  and 
JBacon,  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  76  (1911). 


The  wide  variations  in  the  quantities  of  total  lead  pre¬ 
cipitated  by  a  given  quantity  of  dry  matter  of  sirup  are  at¬ 
tributable,  at  least  in  part,  to  that  tendency  of  the  precipi¬ 
tate  to  dissolve  in  excess  of  reagent  discussed  in  Part  X. 
What  chemical  action  is  involved  in  such  dissolving  is  not 
known. 

The  two  experiments  on  the  combined  precipitates  from 
miscellaneous  sirups  using  different  decolorizing  carbons  give 
results  indicating,  respectively, that  the  mafic  acid  constituted 
95.93  and  98.08  per  cent  of  the  total  acids  liberated  by  hydro¬ 
gen  sulfide.19  The  tabulated  figures  for  normal  lead  malate 
are  therefore  the  equivalents  of  97  per  cent  of  the  acids  so 
liberated.  Added  to  the  lead  oxide  as  base,  these  account  for 
only  83  to  84  per  cent  of  the  weight  of  the  precipitate.  The 
carbon  of  these  quantities  of  lead  malate  is  little  more  than 
half  that  actually  found  in  the  combustion  analysis.  Even 
were  we  to  assume  the  neutral  lead  as  determined  by  differ¬ 
ence  between  total  and  basic  lead  to  be  all  present  as  lead 
malate,  the  carbon  of  this  salt  would  be  considerably  short  of 
that  found  by  combustion.  Similarly,  the  hydrogen  of  the 
malate,  calculated  either  way,  falls  far  short  of  that  found  by 
combustion.  It  is  to  be  inferred  that,  in  addition  to  basic 
lead  malate,  the  precipitate  contains  a  considerable  quantity 
of  highly  carbonaceous  organic  matter. 

In  the  transformation  of  the  lead  precipitate  with  hydrogen 
sulfide  it  was  observed  that  the  acid  filtrate  was  colorless. 
On  neutralization  a  brown  color  developed.  When  the 
neutralized,  but  not  when  the  acid,  solution  was  concentrated, 
maple  odor  could  be  detected.  The  flavoring  and  coloring 
matters  of  the  sirup  appear,  therefore,  to  be  contained  in  the 
lead  precipitate. 

Nitrogen  and  sulfur  were  overlooked  in  the  ultimate  analy¬ 
sis.  Previous  investigations20  suggest  that  these  may  possibly 
constitute  1  or  2  per  cent  of  the  precipitate,  provided  the 
lead  subacetate  precipitates  all  or  nearly  all  the  compounds 
containing  them.  In  further  work  on  this  fine  the  writers 
would  suggest  the  determination  of  these  elements  and  also 
that  of  reducing  sugars  in  the  filtrate  from  the  hydrogen 
sulfide  treatment. 

Summary 

1 —  The  Canadian  lead  precipitates  of  three  maple  sirup 
samples  have  been  analyzed  for  total  and  basic  lead,  carbon 
and  hydrogen,  and  total  (organic)  acids,  liberated  by  hydro¬ 
gen  sulfide. 

2 —  The  total  lead  content  is  greater,  the  lower  the  Canadian 
lead  value,  varying  from  72.64  to  67.58  per  cent. 

3 —  -The  basic  lead  content  appears  to  be  slightly  higher, 
the  lower  the  Canadian  lead  value. 

4 —  The  difference  between  the  total  and  basic  lead  con¬ 
siderably  exceeds  the  lead  equivalent  of  the  acids  liberated 
by  hydrogen  sulfide. 

5 —  The  mafic  acid,  as  determined  polarimetrically  in  a 
composite  precipitate  from  more  than  twenty  sirups,  con¬ 
stitutes  97  per  cent  of  the  acids  liberated  by  hydrogen  sulfide. 

6 —  -The  precipitates  were  found  to  contain  11.1  to  12.2  per 
cent  of  carbon  and  1.46  to  1.15  per  cent  of  hydrogen.  This 
indicates  that  substances  much  more  carbonaceous  than  lead 
malate  are  present. 

7 —  The  flavoring  and  coloring  matters  appear  to  be  pre¬ 
cipitated  by  the  basic  lead  acetate. 

19  Nelson,  J.  Am.  Chem.  Soc.,  50,  2006  (1928),  finds  material  quantities 
of  formic,  acetic,  and  citric  acid  in  maple  sirup.  The  last  mentioned  was 
discovered  by  him  in  a  lead  subacetate  precipitate.  His  estimate  makes  it 
constitute  8  to  12  per  cent  of  the  sum  of  the  mafic  and  citric  in  the  sirup. 
Ouv  analyses  would  allow  of  only  2  to  4  per  cent  of  the  acids  of  the  precipi¬ 
tate  being  other  than  mafic. 

20  Hortvet,  J.  Am.  Chem.  Soc.,  26,  1523  (1904);  Snell,  Trans.  Roy. 
Soc.  Can.,  [3]  13,  III,  221  (1919). 
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A  RECENT  paper  from  this  laboratory2  described 
a  continuous  method  for  determining  small  concentra¬ 
tions  of  sulfur  dioxide  in  air,  which  is  automatic  to  the 
point  at  which  the  solutions  are  discharged  from  the  machine 
ready  for  titration.  In  order  to  make  the  method  completely 
automatic,  it  is  necessary  to  measure  the  change  in  some 
property  of  the  absorbing  solution  by  a  recording  device. 
The  absorbent  employed,  containing  0.2  per  cent  potassium 
iodide  and  0.1  per  cent  starch  together  with  the  necessary 
iodine,  offers  serious  difficulties  to  the  accomplishment  of 
this  purpose.  The  intensity  of  starch-iodine  color  might 
be  measured,  but  the  range  of  iodine  concentration  which  is 
accompanied  by  an  appreci¬ 
able  color  change  is  too  small 
to  be  useful.  Since  the  ab¬ 
sorption  of  sulfur  dioxide 
produces  one  equivalent 
each  of  sulfuric  acid  and  hy- 
driodic  acid,  it  was  thought 
that  if  the  potassium  iodide 
in  the  solution  could  be 
eliminated  a  conductivity 
method  or  an  iodine  elec¬ 
trode  could  be  employed. 

It  was  impossible,  however, 
to  omit  the  salt  from  the  ab¬ 
sorbent  without  rendering 
the  iodine  quite  volatile.  Similarly,  it  wTas  not  practicable  to 
measure  the  hydrogen-ion  concentration  because  of  the  reac¬ 
tion  between  iodine  and  both  the  hydrogen  electrode  and  the 
quinhydrone  electrode. 

Hydrogen  Peroxide  as  Absorbent 

Because  of  these  difficulties  another  absorbent  was  sought. 
It  was  observed  that  distilled  water  is  an  excellent  absorbent 
for  appreciable  amounts  of  the  sulfur  dioxide.  For  example, 
at  5  p.  p.  m.  practically  all  of  the  sulfur  dioxide  can  be  removed 
from  30  liters  of  air  aspirated  at  15  liters  per  minute.  At 
50  p.  p.  m.  only  4  per  cent  of  the  gas  reaches  a  second  absorber 
under  these  conditions,  but  about  25  per  cent  of  the  absorbed 
material  is  oxidized.  For  analytical  purposes  it  is,  of  course, 
necessary  either  to  prevent  tiffs  oxidation  or  carry  it  to  com¬ 
pletion.  The  second  course  is  easily  accomplished  by  the 
use  of  hydrogen  peroxide.  This  is  an  ideal  oxidant,  because 
it  is  a  non-electrolyte  which  reacts  rapidly  with  sulfur  dioxide. 
Thus  the  liquid  remains  an  efficient  absorbent  for  larger 
amounts  of  the  gas,  and  the  conductivity  of  the  solution  can 
be  employed  for  quantitative  measurements. 

Modifications  in  Apparatus 

In  applying  the  results  of  this  preliminary  work  only  slight 
modifications  of  the  apparatus  previously  described  had  to 
be  made.  The  discharge  valve  of  each  absorber  is  placed  on 
the  outside  of  the  vessel  and  the  platinum  electrodes,  mounted 
on  the  end  of  a  glass  tube,  are  inserted  near  the  bottom  of  the 
absorber  about  1  cm.  below  the  circular  bubbler.  In  this 
position  the  gas  bubbles  do  not  come  in  contact  with  the 

1  Received  November  19,  1928. 

2  Thomas  and  Cross,  Ind.  Eng.  Chem.,  20,  645  (1928). 


electrodes  and  a  continuous  record  of  the  conductivity  can 
be  obtained  by  means  of  a  Leeds  and  Northrup  recording 
Wheatstone  bridge.  The  bridge  has  a  range  from  125  to 
40,000  ohms.  The  cell  constant  is  about  0.06  reciprocal 
centimeter.  Temperature  compensation  has  been  accom¬ 
plished  during  the  past  season  by  a  rheostat  and  scale  on  the 
recorder,  because  a  compensating  cell  sufficiently  constant 
for  use  with  the  dilute  solutions  employed  was  not  available. 
The  writers  propose  to  construct  such  a  cell.  To  obtain  a 
complete  record  of  each  absorption  a  recorder  for  each  ab¬ 
sorber  is  necessary,  but  if  a  part  of  the  record  can  be  omitted, 
or  if  the  gas  sampling  is  interrupted  for  20  to  30  seconds  after 

the  completion  of  an  absorp¬ 
tion,  to  allow  the  recorder 
time  to  return  to  its  initial 
position,  a  switch  can 
readily  be  installed  so  that 
one  recorder  will  serve  both 
absorbers. 

Preparation  of  Reagent 

The  reagent  consists  of 
distilled  water  to  which  is 
added  0.1  to  0.2  cc.  30  per 
cent  hydrogen  peroxide  and 
0.3  cc.  0.1  N  sulfuric  acid 
per  liter.  The  solution  is 
aspirated  for  a  few  minutes  with  pure  air  to  adjust  the  carbon 
dioxide  equilibrium.  One  hundred  cubic  centimeters  of  this 
solution  will  take  care  of  2  gram-molecular  volumes  of  air 
containing  50  to  100  p.  p.  m.  sulfur  dioxide.  The  recorder 
is  calibrated  by  adding  known  amounts  of  sulfuric  acid  to  the 
solutions  in  the  absorbers  and  aspirating  with  pure  air,  as  in 
the  regular  operation  of  the  machine. 

The  addition  of  the  acid  in  the  preparation  of  the  reagent 
serves  two  purposes.  Carbonates  are  decomposed,  permitting 
a  rapid  adjustment  of  the  carbon  dioxide  equilibrium.  This 
is  essential  because  the  recorder  may  show  an  increased 
resistance  when  the  absorption  commences,  corresponding 
to  an  error  as  great  as  0.5  p.  p.  m.  sulfur  dioxide  if  distilled 
water  which  has  been  standing  in  glass  bottles  for  a  week  or 
two  is  used  without  this  preliminary  treatment.  If  the 
concentration  of  the  sulfur  dioxide  in  the  sample  is  constant, 
it  is  possible  to  correct  the  recorder  reading  for  tiffs  effect 
by  noting  the  slope  of  the  absorption  curve  and  the  time  of 
sampling.  The  acid  also  reduces  the  resistance  of  the  solu¬ 
tion  to  less  than  8000  ohms.  At  higher  resistances  the 
recorder  is  somewhat  insensitive  to  added  acid.  In  the 
range  between  8000  and  1500  ohms,  representing  0  to  5  p.  p.  m. 
sulfur  dioxide  under  the  conditions  of  operation,  the  instru¬ 
ment  responds  linearly  at  the  rate  of  0.2  p.  p.  m.  sulfur  dioxide 
per  scale  division.  At  lower  resistances  the  response  of  the 
recorder  gradually  diminishes,  until  at  150  ohms,  representing 
about  50  p.  p.  m.  sulfur  dioxide,  the  rate  is  only  2  p.  p.  m.  per 
scale  division. 

Titration 

As  a  check  on  the  recorder  readings  the  aspirated  solutions 
may  be  titrated  with  sodium  hydroxide  using  methyl  red  as 


The  use  of  slightly  acidulated  distilled  water  contain¬ 
ing  0.003  to  0.006  per  cent  hydrogen  peroxide  is  proposed 
as  an  absorbent  for  traces  of  sulfur  dioxide  in  air  to  re¬ 
place  the  iodine  solution  previously  used  for  this  pur¬ 
pose.  The  absorption  of  the  gas  in  the  peroxide  solu¬ 
tion  can  be  followed  either  by  titration  with  alkali  using 
methyl  red  as  an  indicator  or  by  a  conductivity  method. 
A  study  of  the  method  shows  that  it  is  fully  as  reliable 
as  the  iodine  method  in  the  absence  of  sulfur  trioxide, 
and  permits  the  construction  of  apparatus  which  is 
completely  automatic. 
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an  indicator.  A  definite  amount  of  the  indicator — for  .  ex¬ 
ample,  0.5  cc.  of  0.02  per  cent  solution,  the  reaction  of  which 
has  been  adjusted  to  approximate  neutrality — is  added  to 
the  solution  before  titration  and  the  end  point  determined 
by  matching  with  the  faint  pink  color  of  a  standard  solution. 
This  titration  is  very  readily  carried  out  and  the  end  point 
is  extremely  permanent  and  sensitive,  0.1  cc.  of  0.002  N  alkali 
being  sufficient  to  cause  a  definite  color  change.  A  blank 
titration  must  also  be  made. 


Table  I — Sulfur  Dioxide  in  Mixtures  of  Sulfur  Dioxide  and  Air  as  In¬ 
dicated  by  Hydrogen  Peroxide  and  Iodine  Methods 


Num¬ 

ber 

OF 

Detns. 

SO2  Concentration 

Difference  between  Con¬ 
ductivity  Method  and: 

Conduc¬ 

tivity 

Acid 

titration 

Iodine 

ACID  TITRA¬ 
TION  METHOD 

IODINE  METHOD 

Aver¬ 

age 

Maxi¬ 

mum 

Aver¬ 

age 

Maxi¬ 

mum 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

1 

0.37 

0.35 

0.38 

1 

0.39 

0.37 

0.38 

1 

0.40 

0.41 

0.39 

1 

0.69 

0.71 

0.69 

1 

0.93 

0.90 

0.88 

6 

0.35 

0.30 

0.35 

0.05 

0.10 

0.00 

0.03 

15 

1.36 

1.44 

0.07 

0.10 

20 

1.71 

i.61 

1.75 

0.i7 

0.40 

0.04 

0.09 

20 

3.19 

2.90 

3.24 

0.30 

0.50 

0.05 

0.10 

6 

6.41 

6.40 

6.43 

0.07 

0.10 

0.14 

0.25 

15 

13.58 

13.55 

13.40 

0.20 

0.50 

0.27 

0.5 

8 

24.1 

24.3 

24.4 

0.2 

0.3 

0.3 

0.7 

12 

36.4 

37.2 

35.0 

0.8 

1.7 

1.4 

2.2 

4 

58.3 

59.1 

56.4 

0.8 

1.2 

1.9 

2.7 

Comparison  of  Methods 

The  new  method  has  been  checked  against  the  iodine 
method,  previously  described,  by  analyzing  uniform  gas 
mixtures  simultaneously  with  both  procedures.  The  results 
are  given  in  Table  I  and  show  a  satisfactory  concordance  over 
a  range  from  less  than  0.4  p.  p.  m.  to  60  p.  p.  m.  The  five  single 
determinations  represent  large  samples  of  gas,  120  to  200 
liters;  the  other  values  are  the  mean  of  a  number  of  con¬ 
secutive  analyses  of  a  uniform  gas  mixture  carried  out  accord¬ 
ing  to  the  regular  procedure.  At  the  highest  concentrations 
the  results  are  probably  low  to  the  extent  of  2.5  per  cent,  a 


second  absorber  placed  in  series  with  the  first  having  indicated 
•that  this  amou  nt  of  gas, escaped  absorption.  At  15  p.  p.  m. 

less  tlrm  \  per  cent  6f  thecas  reached  a  second  absorber. 

* *  *  ‘ 

Advantages  of  New  Method 

The  new  method  has  several  advantages  over  the  iodine 
method.  The  solutions  are  easier  to  prepare  and  the  ab¬ 
sorption  is  as  rapid  and  complete  as  with  the  iodine  method. 
It  is  not  necessary  to  adjust  the  strength  of  the  oxidant  to 
correspond  to  the  particular  concentrations  of  sulfur  dioxide 
with  which  it  is  desired  to  work.  The  data  give  the  amount 
of  gas  absorbed  directly  and  not  indirectly  through  the  de¬ 
crease  in  concentration  of  another  constituent  of  the  system. 

Measurement  of  Both  S02  and  S03 

If  it  is  desired  to  measure  both  sulfur  dioxide  and  sulfur 
trioxide  in  a  gas  mixture,  the  two  methods  could  be  con¬ 
veniently  applied  to  this  end — the  iodine  method  to  measure 
the  sulfur  dioxide  and  the  hydrogen  peroxide  to  measure  the 
total  acidity.  As  a  general  rule,  however,  the  amount  of 
sulfur  trioxide  is  inappreciable  compared  with  the  sulfur 
dioxide,  and  can  be  neglected. 

Application  in  the  Field 

The  method  can  doubtless  be  applied  to  the  problem  of 
the  continuous  measurement  of  the  concentration  of  sulfur 
dioxide  in  the  field.  Only  slight  modifications  would  be 
necessary  to  permit  the  apparatus  to  operate  for  1  or  2  days 
without  any  attention.  The  period  of  sampling  could  con¬ 
veniently  be  increased  to  about  10  to  20  minutes  since  con¬ 
centrations  greater  than  5  p.  p.  m.  would  seldom  be  encoun¬ 
tered.  The  final  adjustment  of  the  carbon  dioxide  equilibrium, 
which  is  always  accomplished  in  less  than  half  a  minute, 
would  then  have  a  negligible  effect  on  the  results.  It  would 
also  be  desirable  to  have  a  record  of  the  gas  volumes  and 
liquid  volumes,  even  though  these  values  are  constant.  A 
thermograph  and  barograph  would  complete  the  necessary 
equipment  to  permit  the  calculation  of  the  sulfur  dioxide 
concentrations. 


Continuous  Laboratory  Extractor  for  Liquids1 

Alfred  W.  Francis 

Arthur  D.  Little.  Inc.,  Cambridge,  Mass. 


CONTINUOUS  extractors  for  liquids  with  volatile  im¬ 
miscible  solvents  have  been  described  in  the  literature,2 
but  most  of  them  require  either  elaborate  glass  blowing, 
or  else,  since  fairly  large  volumes  of  solution  are  used,  the  extrac¬ 
tion  is  very  slow. 

A  simple  apparatus  was  devised  for  the  analytical  extraction 
of  liquids.  Two  forms  are  illustrated  (A)  for  solvents  lighter 
than  the  extracted  solution,  and  (B)  for  heavy  solvents.  Each  is 
made  from  a  pipet  of  any  desired  size  with  the  stems  bent  and 
connections  sealed,  as  shown.  In  (A)  the  bulb  of  the  pipet  is 
filled  four-fifths  full  with  glass  beads  before  bending  the  tipper 
stem.  The  bulb  in  (B)  can  be  filled  completely  afterwards. 

The  sample,  about  half  the  capacity  of  the  bulb,  is  pipetted 
into  the  bulb,  before  the  solvent  in  (A)  and  after  it  in  (B). 
Enough  solvent  is  used  to  fill  the  rest  of  the  bulb  and  tubes  and 
have  20  to  30  cc.  in  the  receiving  flask.  The  solvent  is  distilled 
by  means  of  a  hot  plate  through  the  upper  tube  which  is  bent 
downward  to  avoid  excessive  reflux  condensation.  After  drop¬ 
ping  back  from  the  condenser,  the  solvent  bubbles  through  the 

1  Received  November  9,  1928. 

*  Fiske,  Am.  Chem.  J.,  41,  510  (1909);  Berlin,  German  Patent  251,459 
(June  24,  1911),  see  C.  A.,  7,  7  (1913);  Watkins,  Ind.  Eng.  Chem.,  17, 
612  (1925).  , 


sample  in  the  bulb,  up  in 
{A)  or  down  in  ( B ),  and 
overflows  back  into  the 
receiver. 

If  the  extract  can  be 
titrated  directly,  as  in 
the  case  of  acetic  acid, 
it  is  convenient  to  pro¬ 
vide  a  buret  and  follow 
the  extraction  as  it  pro¬ 
ceeds.  This  permits  ex¬ 
trapolation  to  infinite 
time  with  great  ac¬ 
curacy.  An  extraction 
of  acetic  acid  from  50  cc. 
of  salt  solution  with 
ether  removed  half  the 
total  in  8  minutes,  half 
the  remainder  in  the 
next  8  minutes,  etc.,  so 
that  in  an  hour  the  ex¬ 
traction  was  practically 
complete. 
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Device  for  Carbon  and  Hydrogen  Analysis  of  Volatile, 
Explosive,  and  Easily  Carbonizable  Organic  Liquids1 

Manasseh  G.  Sevag 

Columbia  University,  New  Yore,  N.  Y. 


THE  writer  has  had  occasion  to  analyze  organic  liquids  of 
diverse  nature  for  carbon  and  hydrogen.  Some  of 
these  liquids  were  very  volatile,  explosive,  and  easily 
carbonizable.  The  usual  method  for  the  analysis  of  organic 
liquids,  which  involves  the  use  of  a  capillary  bulb,  is  unsatis¬ 
factory.  The  making  of  the  bulb,  the  process  of  filling,  es¬ 
pecially  the  difficulty  in  filling  the  bulb  with  the  desired 
quantity  of  substance,  make  it  tedious  and  time-consuming. 
A  more  serious  objection  to  this  method,  however,  is  that  in 
the  analysis  of  compounds  which  carbonize  within  the  bulb 
without  volatilization,  owing  to  lack  of  access  of  oxygen  to 
the  carbonized  material  within  the  bulb,  the  combustion  is 
usually  incomplete. 

Various  devices  have  been  advocated  from  time  to  time  to 
overcome  these  objections.  The  methods  proposed  by 
Clarke,2  Shoesmith,3  Reid,4  and  Hempel5  are  time-consuming, 
and  require  additional  parts  for  the  already  complex  combus¬ 
tion  train.  Besides  they  are  mainly  employed  in  special  cases. 

Under  pressure  of  doing  numerous  analyses  a  simple  device 
for  rapid  and  general  use  was  developed  by  the  writer.  It 
proved  to  be  not  only  time-saving,  but  compact  and  capable  of 
giving  satisfactory  results.  It  is  comparable  in  simplicity  with 
the  porcelain  boat  usually  used  for  analysis  of  organic  solids. 

Description  of  Device 

A  Pyrex  glass  or  transparent  quartz  tube  8.5  cm.  long, 
6  to  7  mm.  inside  diameter  and  10  to  12  mm.  outside  diameter, 
has  two  ground-glass  stoppers  fitting  tightly  into  each  end. 
Such  a  tube  can  be  easily  made  in  the  laboratory  from  or¬ 
dinary  Pyrex  glass  tubing,  using  small,  firm  red  rubber  stop¬ 
pers,  instead  of  ground-glass  stoppers,  and  taking  care  that 
no  piece  of  rubber  stopper  is  ripped  off  into  the  tube. 


nature,  has  great  absorbent  capacity  for  organic  liquids  and 
causes  the  vaporization  of  the  volatile  and  explosive  liquids 
to  take  place  gradually  during  the  combustion.  It  also  seems 
to  have  some  catalytic  action,  thus  facilitating  the  com¬ 
bustion  of  compounds  that  carbonize  readily.  Kieselguhr 
must  first  be  ignited  for  20  minutes,  in  a  platinum  crucible, 
or  any  other  suitable  way,  and  kept  over  phosphorus  pent- 
oxide  in  a  desiccator  until  ready  for  use. 

The  tube  is  filled  one-third  full  with  the  kieselguhr,  being 
supported  in  the  tube  by  means  of  two  pads  1  cm.  thick 
made  of  ignited  coarse  asbestos  fibers.  The  arrangement 
should  be  such  as  to  allow  the  free  passage  of  oxygen  through¬ 
out  the  whole  length  of  the  tube,  thereby  permitting  the 
oxygen  to  have  free  access  to  the  liquid  that  is  being  burned. 
The  author  is  of  the  opinion  that  this,  together  with  the  cata¬ 
lytic  effect  mentioned  above,  is  responsible  for  preventing 
the  occurrence  of  any  trace  of  carbon  monoxide.  These 
tubes  can  be  used  repeatedly  without  recharging. 

Weighing  of  Liquid 

Before  the  tube  is  weighed  it  must  be  subjected  to  a  blank 
test.  In  making  an  analysis  the  pad  2  is  taken  out  with  a 
pair  of  forceps  and  placed  on  a  clean  surface,  the  stopper 
replaced,  and  the  tube  weighed.  Stopper  1  is  then  removed 
and  the  liquid  is  introduced  dropwise  by  means  of  a  capillary 
pipet  on  the  surface  of  the  kieselguhr,  care  being  taken  not 
to  contaminate  the  side  of  the  tube.  Stopper  1  is  then  re¬ 
placed  and  the  tube  weighed.  Knowing  the  approximate 
specific  gravity  of  the  substance,  one  can  introduce  the  exact 
quantity  of  substance  required  for  the  combustion.  Before 
the  tube  is  introduced  into  the  combustion  tube,  the  stopper 

1  is  removed  and  the  pad  2  returned 
to  its  original  position;  then  the 
stopper  in  the  other  end  is  removed 
and  the  tube  introduced  quickly 
into  that  section  of  the  combus¬ 
tion  tube  ordinarily  occupied  by 
a  porcelain  boat,  and  the  combus¬ 
tion  started  gradually  in  the  usual 
way. 


Asbestos^  Kieselguhr^  Asbestos  Oxygen 


V 


mAiMm 


Filling  Tube  with  Ignited  Kieselguhr 

After  several  reagents  had  been  tried  with  the  view  of  find¬ 
ing  one  that  would  effect  a  smooth  vaporization  and  slowing 
down  of  the  explosive  violence  of  the  organic  liquids  during 
their  combustion,  it  was  found  that  kieselguhr  meets  these 
requirements.  During  initial  trials  the  liquids  were  burned 
by  mixing  them  with  this  reagent  in  a  porcelain  boat.  Later 
a  short,  narrow  tube  sealed  at  one  end  was  tried.  These 
initial  trials  finally  led  to  the  use  of  the  above  device. 

Kieselguhr,6  by  virtue  of  its  porous  and  pulverulent 

1  Received  August  10,  1928.  Contribution  No.  590,  from  the  Depart¬ 
ment  of  Chemistry,  Columbia  University. 

2  Clarke,  J.  Am.  Chem.  Soc.,  34,  746  (1912). 

*  Shoesmith,  J.  Soc.  Chem.  Ind.,  42,  57  (1923). 

4  Reid,  J.  Am.  Chem.  Soc.,  34,  1033  (1912). 

8  Hempel,  Z.  anal.  Chem.,  17,  109  (1878). 

*  After  bringing  the  use  of  this  device  to  a  satisfactory  perfection,  the 
writer  found  that  Dennstedt,  Z.  angew.  Chem.,  18,  1134  (1905),  has  used 
kieselguhr  to  analyze  petroleum,  lubricating,  and  mineral  oils. 


Analysis  of  an  Explosive  Liquid 

Using  the  capillary  bulb  method,  the  writer  tried  to  run 
a  combustion  of  an  organic  liquid  which  happened  to  be 
volatile  and  so  explosive  that  in  exploding  it  threw  the  bulb 
out  of  the  boat,  breaking  a  piece  from  the  boat,  and  causing 
the  bulb  instantly  to  fuse  to  a  shattered  mass.  The  same 
difficulty  was  experienced  several  times,  but  by  the  use  of 
the  new  device  described  above  no  such  trouble  was  experi¬ 
enced,  and  the  following  results  were  obtained:  carbon, 
84.43  and  84.73  per  cent;  hydrogen,  15.27  and  15.25  per  cent. 

Analysis  of  Esters 

It  is  quite  well  known  that  the  analyses  of  certain  esters 
offer  difficulty  in  yielding  low  results  for  carbon.  Thus 
Skraup7  found  difficulty  in  analyzing  esters  of  mucic  acid. 
He  ascribed  this  to  incomplete  combustion,  but  Zanetti  and 

7  Skraup,  Monalsh.,  14,  476  (1893). 
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Beckmann8  suggested  that  the  low  results  in  this  particular 
case  were  due  not  only  to  incomplete  combustion  but  to  the 
formation  of  pyromucates,  which  they  found  difficult  to  burn 
completely.  They  found  that,  in  spite  of  all  precautions, 
the  analyses  for  carbon,  in  the  case  of  the  esters  of  n-amyl, 
n-hexyl,  Ti-heptyl,  77-octyl  of  furoic  acid,  came  out  uniformly 
low,  especially  in  the  case  of  the  higher  esters,  and  also  in 
the  case  of  the  esters  of  furoylacetic  acid.9  With  the  use  of 
this  new  device,  however,  the  analysis  of  esters  of  similar 
nature,  such  as  of  a-tetrahydrofurfuryl  alcohol  synthesized  by 
Zanetti,10  the  author  obtained  very  satisfactory  results.  The 
most  difficult  to  burn  in  this  series  was  found  to  be  the 
isovalerianate  of  a-tetrahydrofurfuryl  alcohol,  for  which  the 
following  analyses  (not  yet  published  by  authors)  were  ob¬ 
tained  : 


8  Zanetti  and  Beckmann,  J.  Am.  Chem.  Soc.,  48,  1067  (1926). 
» Ibid.,  60,  1438  (1928). 

1  'Zanetti,  Ibid.,  50,  1821  (1928). 


New  Device 

Carbon  Hydrogen 


Capillary  Method 
Carbon  Hydro 


Found 

Calcd. 

Found 

Calcd. 

Found 

Calcd. 

Found 

Calcd. 

% 

% 

% 

% 

% 

% 

% 

% 

64.27 

64.57 

64.51 

9.81 

9.77 

9.68 

63.28 

61.06 

62.31 

60.43 

64.51 

9.48 

9.18 

9.38 

8.70 

9.68 

Analysis  of  a  Known  Highly  Volatile  Liquid 


As  a  final  test  two  analyses  were  made  of  a  highly  volatile 
organic  liquid  compound,  benzene,  with  the  following  results: 


Carbon 

Found 

% 

91.97 

92.06 


Calcd. 

% 

92.30 


Hydrogen 

Found  Calcd. 

%  % 

7.73  7.69 

7.88 


These  results  indicate  that  volatile  liquids  like  benzene  can 
be  weighed  in  this  new  device  and  introduced  into  the  com¬ 
bustion  tube  without  any  material  loss. 


A  New  Physical  Test  for  Vulcanized  Rubber 

D.  D.  Wright 

Hood  Rubber  Company,  Watertown,  Mass. 


VULCANIZED  rubber 
is  frequently  required 
to  withstand,  not  only 
the  simple  stresses  such  as 
those  of  compression,  tensile, 
and  shear,  but  also  the  com¬ 
bined  effects  such  as  torsion, 
tearing,  bending,  etc.  It  has 
been  observed  that,  as  some 
vulcanized  rubber  samples 
age,  their  resistance  to  shear¬ 
ing  and  tearing  stresses  de¬ 
creases  much  faster  than  their 
resistance  to  tensile  stresses,  as  determined  under  the  stand¬ 
ard  procedure  of  rubber-testing. 

During  a  study  of  natural  and  artificial  aging  some  inner- 
tube  samples,  which  tested  very  poorly  after  the  oxygen  bomb 
(50  hours  at  60°  C.  and  20.4  atm.),  were  filed  for  further 
observation.  As  these  tubes  aged  the  tensile  tests  showed 
less  deterioration  than  was  expected.  However,  a  close 
examination  of  these  tubes  showed  that  they  had  developed 
a  very  poor  resistance  to  tear  and  were  weak  when  sudden 
tensile  stress  was  applied.  For  sake  of  brevity  this  lack  of 
resistance  to  sudden  stress  will  be  called  “shortness.” 

After  several  attempts  to  measure  this  “shortness”  property 
without  resorting  to  some  new  testing  machine,  the  tongue 
shear  test  was  developed.  It  is  so  named  because  of  the 
shape  of  the  test  specimen  and  the  effect  that  is  produced. 
It  seems  to  give  about  the  proper  rating  to  these  “short” 
tubes. 

The  Test 

A  specimen  like  that  in  Figure  1  is  prepared  by  means  of 
a  cutting  die,  as  shown  by  the  pattern  in  Figure  2.  Two 
parallel  marks  exactly  1  inch  (2.54  cm.)  apart  are  placed  on 
the  test  piece  so  that  they  will  be  near  the  middle  of  the 
parallel  section  of  its  tongue.  The  sample  is  then  placed  in 

1  Presented  before  the  Division  of  Rubber  Chemistry  at  the  76th 
Meeting  of  the  American  Chemical  Society,  Swampscott,  Mass.,  September 
10  to  14,  1928. 


the  jaws  of  the  testing  ma¬ 
chine  (Figure  1).  The  lower 
jaw  moves  at  the  rate  of  10 
inches  (25.4  cm.)  per  minute. 

In  the  usual  manner  read¬ 
ings  of  load  and  elongation 
are  taken  up  to  and  includ¬ 
ing  those  at  rupture.  From 
these  measurements  and  the 
cross  section  of  the  tongue  the 
shear-stress-strain  curve  may 
be  plotted  and  the  relative 
energy  to  start  rupture  esti¬ 
mated  by  determining  the  area  under  the  curve.  Figure  3 
shows  the  comparison  of  the  shear-stress-strain  curves  with 
the  usual  tensile-stress-strain  curves.  The  reasons  that  the 
shear-stress-strain  curves  do  not  exactly  coincide  with  the 
tensile-stress-strain  curves  seem  to  be:  (1)  Different  widths 
of  samples  were  stretched;  (2)  different  rates  of  stretching 
were  employed ;  (3)  near  break  certain  stocks  seem  to  yield 
some  on  shearing.  In  other  words,  the  rupture  is  very  slow 
while  in  other  cases  it  is  instantaneous.  These  curves  are 
compared  more  fully  in  Table  III. 

A  shorter  and  slightly  less  accurate  method  of  getting  the 
relative  energy  to  rupture  the  tongue  is  to  take  one-half  the 
product,  S  X  F/100,  where  S  is  the  stress  at  rupture  (kg.  per 
sq.  cm.)  and  E  is  the  per  cent  ultimate  elongation.  The 
product,  the  “shear  product,”  is  close  enough  for  ordinary 
comparisons  and  closer  to  the  real  energy  values  than  the 
tensile  product  is  for  the  relation  that  it  expresses,  be¬ 
cause  lower  concavity  factors  exist  in  the  shear-stress-strain 
curves. 

Mechanism  of  Test 

The  manner  of  rupture  and  factors  influencing  the  values 
obtained  were  studied  to  learn,  first,  what  was  taking  place 
as  the  rubber  was  strained  in  this  sort  of  specimen,  and  second, 
if  the  test  piece  was  properly  proportioned.  The  rupture 
always  takes  place  at  the  end  of  the  tongue  ( C-D ,  Figure  1). 

A  much  smaller  expenditure  of  energy  is  required  to  start 


This  test,  by  use  of  a  sample  of  new  design,  subjects 
rubber  to  a  combination  of  tensile  and  shearing 
stresses.  Shear,  however,  is  the  predominating  stress. 
Certain  aged  inner  tubes  have  been  found  which 
deteriorated  more  when  examined  by  this  test  than  a 
comparison  of  their  tensile-stress-strain  curves  with 
those  of  fresh  tubes  would  indicate.  Tearing  action 
seems  to  be  approximated  by  this  test.  The  effect  of 
overcure  in  some  cases  has  been  recorded  at  earlier 
stages  by  this  test  than  by  the  tensile  criterion.  The 
test  is  easy  to  perform  and  with  usual  precautions 
should  have  an  accuracy  of  approximately  10  per  cent. 
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Figure  1 — Test  Specimen 


|« -  35.6 


Figure  2 — Pattern  of 
Cutting  Die 


rupture  than  would  be  the  case  if  the  same  section  were 
broken  with  the  standard  dumbbell  test  specimen. 

Since  rubber  is  so  elastic,  the  mathematical  analysis  of  the 
forces  that  follow  the  straining  of  the  tongued  specimen  is 
difficult.  Therefore,  the  specimen  shown  in  Figure  1  was 
ruled  off  into  squares  before  it  was  put  under  strain  in  order 
to  present  a  picture  of  the  lines  of  strain.  As  the  tongue 
stretches  out,  the  legs  A  and  B  twist  upwards  and  the  dips  in 
the  lines  at  C  and  D  become  sharper.  It  is  evident  that  at 
these  points  the  rubber  suffers  the  greatest  change  in  direction 
of  strain  and  also  that  a  marked  shearing  action  is  set  up. 
If  the  cuts  at  C  and  D  are  rounded  with  a  punch,  ruptures  are 
not  obtained  at  such  low  energy  values  and  the  test  behaves 
more  like  a  tensile  test. 

Studies  of  the  effect  of  the  width  of  the  tongue  and  of  the 
margin  or  legs  outside  the  tongue  are  represented  in  Figures 
4  and  5.  These  curves  show  that  the  specimen  is  so  pro¬ 
portioned  that  it  avoids  the  tensile  effect  as  much  as  possible. 
The  narrowing  of  T  with  X  constant  (Figure  4)  does  not 
produce  the  same  type  of  curve  as  the  widening  of  X  with  T 
constant  (Figure  5).  If  the  distribution  of  fiber  stresses  in 
the  tongue  is  taken  into  account,  this  difference  for  tongue 
widths  under  0.5  inch  seems  to  be  satisfactorily  explained. 


Table  I — Effect  of  Thickness 

Shear  Tests 


Expt. 

Thickness 

Plies 

Shearing 

stress 

Ultimate 

elonga¬ 

tion 

Shear 

product 

A 

Mm. 

0.99 

In. 

0.039 

1 

Kg./  Lb./ 
cm.2  in.2 

14  203 

% 

330 

Kg. -cm.  In. -lbs. 
cc.  in.2 

24  339 

1.93 

0.076 

2 

15 

218 

320 

25 

349 

2.94 

0.116 

3 

23 

332 

410 

48 

680 

4.08 

0.161 

4 

24 

339 

400 

48 

678 

B 

2.72 

0.107 

3 

21 

303 

400 

43 

606 

1.83 

0.072 

2 

22 

313 

360 

39 

556 

Shear  Tests 


Expt. 

Thickness 

Shearing  stress 

Ultimate 

elonga¬ 

tion 

Shear  resilience 

Mm. 

In. 

Kg./ 

cm.2 

Lbs./ 
in  2 

% 

Kg.-cm.  In.-lbs. 
cc.  in 2 

C 

0.76 

0.030= 

10.5 

152 

350 

18 

257 

0.71 

0.028!- 

9.3 

132 

325 

11 

159 

1.40 

0.055 

13.5 

193 

375 

26 

364 

3.12 

0.123 

18.5 

274 

440 

41 

579 

Tensile  Tests 


Expt. 

Thickness 

Tensile 

Ultimate 

elonga¬ 

tion 

Tensile  resilience 

Mm. 

In. 

Kg./ 

cm.2 

Lbs./ 
in 2 

% 

Kg.-cm.  In. -lb. 
cc.  in.2 

C 

0.76 

0.030“ 

114 

1575 

740 

272 

3870 

0.71 

0.0286 

98 

1400 

740 

226 

3220 

1.40 

0.055 

136 

1900 

695 

306 

4350 

3.12 

0.123 

155 

2200 

720 

418 

5950 

a  Outside,  next  to  mold  face. 
b  Inside,  next  to  a. 

Experiment  A — Inner  tubes  of  different  thickness.  Cured  in  same  heat 
(open  steam). 

Experiment  B — Four-ply  tube  buffed  down. 

Experiment  C — Four  plies  of  inner  tube  stock  molded  in  one  slab  but 
separated  with  vellum  to  give  thickness  shown.  Cure,  75  minutes  at  141°  C. 


Various  articles2'3'4  have  shown  how  much  tensile  results 
are  influenced  by  the  width  of  the  specimen.  In  the  case  of 
either  ring  or  straight  test  pieces  a  decrease  of  width  pro¬ 
duces  higher  tensile  values,  especially  on  rich  gum  stocks. 
The  Bureau  of  Standards3  shows  that  the  more  even  dis¬ 
tribution  of  fiber  stresses  in  the  narrow  samples  explains  the 
results. 

The  effect  of  thickness  is  difficult  to  determine,  because 

2  Report  of  A.  C.  S.  Physical  Testing  Committee,  Ind.  Eng.  ChEM., 
17,  535  (1925). 

3  Bur.  Standards,  Bull.  38. 

4  Memmler  and  Schob,  International  Critical  Tables,  Vol.  II,  p.  266; 
Mitt.  Materialpriifungsamt  Berlin-Dahlem,  29,  185  (1911). 


Figure  3 — Stress-Strain  Curves  of  Tongue  Shear  and  Standard 
Tensile  Tests 
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Table  II — Comparison  of  Various  Stocks  on  Tongue  Shear  Test 


Sample 

Tongue  Shear 

Standard  Tensile 

Par  Basis 
Comparison 

Stress 

Ultimate 

elonga¬ 

tion 

Shear  product 

Stress 

Ultimate 

elonga¬ 

tion 

Tensile  product 

Shear 

product 

Tensile 

product 

Kg. 

Lbs. 

Kg.-cm. 

In.-lbs. 

Kg. 

Lbs. 

Kg.-cm. 

In.-lbs. 

cm.2 

in 2 

% 

cc. 

in.z 

cm 2 

in.2 

% 

cc. 

in.' 

Carbon-black  tread  stock 

103 

1460 

390 

200 

2847 

237 

3370 

630 

1500 

21,231 

100 

100 

Carbon-black  tap  sole 

75 

1067 

280 

105 

1497 

134 

1900 

335 

447 

6,365 

53 

30 

Floating  red  tube,  sp.  gr.  0.98 

36 

505 

470 

84 

1186 

201 

2850 

785 

1570 

22,372 

42 

105 

Molded  tube,  sp.  gr.  1.28 

48 

682 

350 

84 

1190 

274 

3900 

650 

1840 

26,250 

42 

123 

Ordinary  red  tube,  sp.  gr.  1.06 

24 

335 

440 

52 

737 

179 

2550 

785 

1410 

20,017 

26 

94 

Truck  tube  (ZnO),  sp.  gr.  1.44 

42 

590 

240 

50 

708 

239 

3400 

578 

1380 

19,650 

25 

92 

Cheap  tube  (whiting),  sp.  gr.  1.23 

15 

215 

180 

13.7 

194 

155 

2200 

596 

924 

13,112 

7 

62 

Black  heel 

34 

480 

130 

22 

312 

94 

1340 

417 

393 

5,588 

11 

26 

White  suede  leather 

202 

2870 

40 

40 

574 

322 

4583 

50 

160 

2290 

20 

11 

Manila  cardboard 

190 

2690 

0.0 

197 

2800 

0.0 

0 

0 

such  factors  as  grain  effect,  heat  lag,  or  heat  developed  while 
buffing  the  specimens  may  introduce  serious  variations. 
Table  I  shows  some  data  obtained  by  three  different  experi¬ 
ments.  These  results  leave  much  to  be  desired,  but  indicate 
that,  even  in  the  case  of  tensile  testing  of  vulcanized  rubber, 
strictly  comparable  results  are  not  assured  unless  the  speci¬ 
mens  are  of  nearly  the  same  thickness.  Therefore,  in  per- 


eral  way  with  the  tearing  resistance  of  such  stocks.  In  gen¬ 
eral,  the  effect  of  pigments  on  tear  resistance  is  fairly  well 
defined  by  the  shear-product  value,  judging  by  hand-tear  de¬ 
terminations.  It  has  also  been  noted  that  certain  accelerators 
give  better  results  than  others. 


Table  III — Comparison  of  a  Worn  and  a  New  Tube 


Criterion 

Explanation 

Unit 

Worn 

Tube 

A 

New 

Tube 

B 

Qual¬ 

ity 

Ratio 

A/B 

% 

Tensile 

A.  C.  S.  standard 

Kg./cm.2 

150 

176 

85 

Lbs. /in. 2 

2130 

2505 

85 

Resilient 

By  Sheppard’s  inte- 

Kg.-cm./cc. 

213 

327 

energy 

gration  formula 

In. -lbs. /in. 3 

3024 

4650 

67 

Tongue  shear 

Kg./cm.2 

13 

18.5 

stress 

(5) 

Lbs. /in. 2 

186 

264 

70 

Tongue  shear 

Ultimate  elongation 

strain 

%  ( E ) 

190 

380 

50 

Tongue  shear 

From  area  under 

Kg.-cm./cc. 

11 

34 

resilience 

shear-strain  curve 

In.-lbs. /in.3 

162 

477 

34 

Tongue  shear 

V2  shear  stress  X 

product 

strain  V2  5  X  E 

Kg.-cm./cc. 

12 

35 

100  or  100 

In.-lbs./in.3 

176 

502 

35 

The  sensitivity  of  this  test  to  the  “shortness”  in  some  aged 
inner  tubes  is  shown  in  Table  III  and  Figure  3.  Here  a  worn 
tube  is  compared  with  a  new  tube  compounded  in  nearly  the 
same  way.  The  worn  tube  had  become  absolutely  unservice¬ 
able,  yet  the  tensile  criterion  rated  it  85  per  cent  as  good  as 
the  new  tube  and  the  resilient-energy  criterion,  67  per  cent, 
while  shear  energy  and  shear  product  criteria  rated  it  only 
34  per  cent  as  good.  This  worn  tube,  moreover,  was  very 


forming  the  tongue  shear  test  the  thickness  of 
all  samples  should  not  vary  widely  if  comparable 
results  are  expected. 

Application  of  Test 

The  tongue  shear  test  is  applicable  to  prac¬ 
tically  every  type  of  soft-rubber  stock  produced. 
It  suggests  many  interesting  studies,  but  its 
most  striking  applications  are :  (a)  the  demon¬ 

stration  of  the  shortness  property  of  aged  inner 
tubes,  (6)  its  use  as  a  more  sensitive  index  of  the 
extent  of  artificial  aging,  and  (c)  its  use  with 
other  criteria  of  cure  or  by  itself  to  detect  the 
beginning  of  overcure.  Except  for  showing  the 
comparison  of  different  stocks  on  this  test,  only 
these  three  applications  will  be  discussed. 

Various  kinds  of  stocks  are  compared  in  Figure 
6  and  Table  II.  For  comparison,  the  carbon- 
black  tread  stock  is  taken  as  par,  100,  and  all 
other  values  are  figured  on  this  basis.  Particular 
attention  is  called  to  the  tread  and  tap  sole  stocks, 
which  show  very  high  shear  resistance  compared 
with  the  truck  tube  stock.  This  agrees  in  a  gen- 


Figure  6 — Comparison  of  Shear  Product  with  Tensile  Product  on  Various  Stocks. 

Carbon-Black  Tread  =  Par 
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“short”  while  the  new  tube  showed  no  “shortness.”  The  worn 
tube  also  showed  a  very  weak  and  grainy  tear.  The  im¬ 
portance  of  developing  high-speed  tensile  tests  or  their 


Table  IV — Decrease  of  Various  Criteria  on  Aging 


Tube 

Size 

Loss  in  Bomb  at  50  Hours, 
60°  C.,  20.4  Atm. 

Loss  in  Air  at  90°  C., 
48  Hours 

Tensile 

Shear  product 

Tensile 

Shear  product 

% 

% 

% 

% 

A 

1 

+  19 

25 

54 

63 

B 

1 

21 

70 

93 

96 

C 

2 

15 

43 

51 

68 

D 

3 

17 

44 

74 

89 

E 

2 

4 

49 

71 

76 

F 

1 

16 

45 

77 

76 

G 

1 

39 

42 

57 

60 

H 

1 

28 

60 

78 

75 

I 

1 

+  2 

24 

23 

11 

J 

1 

33 

27 

80 

65 

K 

4 

2 

50 

33 

73 

L 

4 

11 

69 

66 

78 

M 

4 

9 

40 

29 

70 

N 

1 

50 

43 

64 

64 

Average 

16 

45 

61 

69 

Size  1,  29  X  4.40;  size  2,  31  X  5.25;  size  3,  33  X  6.00;  size  4,  35  X  5. 


equivalents  to  show  up  this  property  of  “shortness”  in  vulcan¬ 
ized  rubber  is  evident. 

Figure  7  and  Table  IV  show  the  effect  of  artificial  aging  on 
the  tensile  and  shear  product  values  of  several  makes  of 
inner  tubes.  The  oxygen  bomb  test  (50  hours  at  60 0  C.  and 
20.4  atm.)  and  a  48-hour  air  test  at  90°  C.  are  shown.  The 
tensile  deteriorations  were  smaller  than  the  shear  product 
deteriorations  in  nearly  every  case,  except  in  the  90°  C.  air 
test,  which  was  so  severe  that  tensile  was  reduced  to  about 
the  same  extent  as  shear  product.  The  heat  resistance  of 
heavily  pigmented  tubes  proves  better  than  that  of  the  rich 
gum  tubes. 

The  sensitivity  of  the  tongue  shear  test  to  overcure  is 
compared  with  tensile  and  tensile  product  in  Figure  8.  No 
doubt  there  may  be  cases  where  no  greater  sensitivity  is 
shown.  The  case 
given  shows  a  tube 
stock  cured  with  an 
ultra -accelerator. 

The  stock  showed 
very  little  decrease  of 
tensile  on  long  over¬ 
cures.  Other  tests 
showed  even  the 
slightly  overcured 
samples  to  be  poor  in 
spite  of  their  good 
tensiles.  On  service 
tests  tubes  made  from 
this  stock  developed 
very  poor  resistance 
to  sudden  stress,  weak  shear  resistance,  and  exceedingly  poor 
tearing  qualities. 

Further  studies  of  its  applications  are  being  made. 
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Figure  8 — Shear  Product  vs.  Tensile  or 
Tensile  Product  on  Overcures 


Determination  of  Small  Amounts  of  Carbon 

Monoxide  in  Ethylene  ! 

Wright  M.  Welton  with  N.  L.  Drake 

University  of  Maryland,  College  Park,  Md. 


SHERMAN  and  others3  have  reported  one  fatality  and 
two  cases  of  dangerous  poisoning  which  were  definitely 
shown  to  have  been  caused  by  the  presence  of  carbon 
monoxide  in  ethylene  administered  as  an  anesthetic. 

The  specifications  of  ethylene  for  anesthesia  found  in 
“New  and  Non-Official  Remedies”  for  1927  require  that  the 
gas  show  a  negative  test  for  carbon  monoxide  according  to 
a  method  worked  out  at  the  Bureau  of  Mines.4  This  test 
wall  detect  with  certainty  carbon  monoxide  in  ethylene 
down  to  0.02  per  cent  by  volume,  and  probably  down  to 
0.01  per  cent  by  volume. 

Henderson  et  al.5have  shown  that  4  parts  of  carbon  monox- 

1  Received  July  11,  1928. 

2  From  a  thesis  submitted  by  Wright  M.  Welton  to  the  Graduate  School 
of  the  University  of  Maryland  in  partial  fulfilment  of  the  requirements  for 
the  degree  of  master  of  science. 

2  Sherman  et  al.,  J.  Am.  Med.  Assocn.,  86,  1765  (1926). 

*Ibid„  88,  322  (1927). 

2  Henderson  et  al.,  J.  lnd.  Hyg.,  3,  72,  137  (1921). 


ide  per  10,000  of  air  is  the  maximum  concentration  to  which 
a  normal  person  can  be  exposed  for  an  hour  without  noticeable 
effects,  and  that  1  part  of  carbon  monoxide  per  10,000  of  air 
(0.01  per  cent)  is  the  maximum  concentration  that  can  be 
tolerated  without  ill  effects  by  a  normal  individual  who  is 
exposed  continuously  for  seven  hours  a  day.  It  seemed  to 
us  worth  while,  therefore,  to  develop  a  method  that  would 
determine  with  certainty  concentrations  of  carbon  monoxide 
in  ethylene  well  below  those  which  would  give  a  positive  test 
with  hemoglobin.  The  present  paper  reports  the  first 
results  of  the  investigation.  The  possible  interference  of 
impurities  which  may  be  found  in  commercial  ethylene  with 
the  determination  will  form  the  subject  of  a  future  com¬ 
munication. 

It  seemed  that  the  simplest  method  of  attack  was  to  absorb 
the  ethylene  in  fuming  sulfuric  acid  of  25-30  per  cent  S03 
content,  and  then  to  pass  the  residual  gas,  diluted  with  air, 
over  hot  iodine  pentoxide,  absorbing  the  iodine  evolved  in 
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potassium  iodide  solution.  Preliminary  experiments  demon¬ 
strated  conclusively  that  it  would  not  be  possible  satisfac¬ 
torily  to  absorb  ethylene  at  room  temperature  in  a  reasonably 
short  series  of  gas  washing  bottles,  so  a  modified  gas  pipet 
was  used  for  the  purpose.  The  residual  gas  was  diluted  with 
air  and  passed  through  scrubbers  to  insure  the  removal  of 
the  last  traces  of  ethylene. 

In  order  to  gain  familiarity  with  the  method,  several  de¬ 
terminations  of  carbon  monoxide  in  carbon  monoxide-air 
mixtures  were  carried  out.  These  experiments  revealed  to 
us  that  several  important  precautions  which  should  be  taken 
in  the  determination  have  either  been  overlooked  or  have 
not  been  sufficiently  emphasized. 

Preparation  of  Iodine  Pentoxide 

The  purity  of  the  iodine  pentoxide  is  probably  the  most 
important  single  factor  necessary  to  success.  We  wish  to 
emphasize  again,  as  have 
Davies  and  Hartley6  and 
Edell,7  that  iodine  pentoxide 
to  be  used  for  the  determina¬ 
tion  of  small  amounts  of 
carbon  monoxide  should  be 
prepared  from  iodic  acid 
made  by  chloric  acid  oxida¬ 
tion  of  pure  resublimed 
iodine.8  Too  much  care 
cannot  be  taken  in  prepar¬ 
ing  the  reagent,  and  pent¬ 
oxide  which  has  been  care- 
lessly  prepared  will  give 
blanks  that  vary  widely 
from  day  to  day  and  are 
much  higher  than  those  ob¬ 
tained  with  a  good  sample 
of  reagent.  Lamb’s  method 
of  preparing  iodine  pent¬ 
oxide  was  used  in  making 
our  reagent,  and  was  found  to  be  the  only  method  on  which 
we  could  depend  to  give  a  uniformly  satisfactory  product. 

Effect  of  Temperature  on  Decomposition  of  Iodine 
Pentoxide 

The  temperature  at  which  iodine  pentoxide  will  completely 
oxidize  carbon  monoxide  was  determined  by  Gautier  to  be 
100°  C.9  Various  investigators  since  that  time  have  em¬ 
ployed  temperatures  varying  from  100°  to  200°  C.10  No 
one,  however,  has  taken  the  trouble  to  determine  systemati¬ 
cally  the  manner  in  which  temperature  affects  the  decom¬ 
position  of  iodine  pentoxide.  Obviously  this  decomposition 
of  the  reagent  is  an  important  factor  in  the  determination, 
because  it  must  be  uniform  at  any  given  temperature  if 
dependable  results  are  to  be  obtained.  Furthermore,  it 
would  be  very  desirable  to  have  the  amount  of  iodine  liberated 
by  decomposition  of  the  reagent  a  relatively  small  fraction  of 
the  total  iodine  evolved  in  a  determination. 

Our  experience  is  in  accord  with  that  of  Edell,7  who  found 
that  the  best  iodine  pentoxide  he  could  make  liberated  small 
quantities  of  iodine  on  heating.  In  order  to  determine 
whether,  as  Seidell  has  claimed,11  this  evolution  of  iodine  is 
caused  by  the  presence  of  small  amounts  of  carbon  monoxide 

8  Davies  and  Hartley,  J.  Soc.  Chem.  Ind.,  45,  164  (1926). 

7  Edell,  Ind.  Eng.  Chem.,  20,  275  (1928). 

8  Lamb  et  al.,  J.  Am.  Chem.  Soc.,  42,  1636  (1920). 

•  Compt.  rend.,  126,  793,  931,  1299  (1898). 

10  Tausz  and  JungmaDn  (.Gas  Wasserfach,  70,  1049  (1927))  recommend  a 
temperature  of  120-130°  C.  if  the  gas  contains  hydrogen,  and  one  of  195°  C. 
if  no  hydrogen  is  present. 

11  Seidell,  J.  Ind.  Eng.  Chem.,  6,  321  (1914). 


in  the  laboratory  air,  and  to  determine  the  effect  of  tempera¬ 
ture  on  the  evolution  of  iodine  by  our  iodine  pentoxide,  the 
following  experiments  were  conducted. 

Air  drawn  from  outside  the  laboratory  and  scrubbed 
with  acid  permanganate  and  sodium  hydroxide  solutions 
was  passed  over  iodine  pentoxide  at  160°  C.  to  free  it  from  any 
carbon  monoxide  it  might  contain.  Any  iodine  evolved  was 
then  removed  from  the  air  by  scrubbing  with  potassium 
hydroxide  solution,  and  the  resultant  moist  air  was  passed 
over  stick  potassium  hydroxide  and  then  through  a  drying 
tube  containing  phosphorus  pentoxide.  From  here  the  air 
passed  through  a  second  tube  containing  iodine  pentoxide  that 
could  be  kept  at  any  desired  temperature.  Iodine  evolved  was 
trapped  in  5  cc.  of  potassium  iodide  containing  1  cc.  of  1  per 
cent  soluble  starch,  and  titrated  at  the  conclusion  of  the  ex¬ 
periment  with  0.0001  N  sodium  arsenite.  In  each  experiment 
2.3  liters  of  dry  carbon  monoxide-free  air  were  passed  over  the 

iodine  pentoxide.  The  re¬ 
sults  of  the  experiments  are 
expressed  in  Figure  1,  which 
shows  the  amount  of  iodine 
found  in  the  potassium 
iodide  solution  plotted,  as 
cubic  centimeters  of  0.001  N 
iodine,  against  temperature. 
It  is  significant  to  note  that 
the  magnitude  of  the  blank 
obtained  in  a  carbon  mon¬ 
oxide  determination  will  be 
affected  little  by  tempera¬ 
ture,  provided  the  analysis 
is  conducted  at  a  tempera¬ 
ture  below  180°  C.  and 
above  the  temperature  at 
which  oxidation  of  the 
monoxide  is  complete.  We 
chose  170°  C.  as  our  work¬ 
ing  temperature  because 
there  was  available  a  simple  means  of  keeping  the  oil  bath 
at  that  temperature.  There  is  no  reason  to  believe  that  any 
other  temperature  in  this  neighborhood  would  not  be  equally 
satisfactory.  It  would  not,  however,  be  advisable  to  work 
above  180°  C.,  as  the  rate  of  decomposition  of  iodine  pent¬ 
oxide  can  be  seen  from  the  figure  to  increase  rapidly  above 
180°  C.  From  available  work  and  our  own  experience  it  is 
evident  that  oxidation  of  carbon  monoxide  to  carbon  dioxide 
is  rapid  and  complete  at  170°  C. 

Drying  the  Gas  Sample 

The  necessity  of  having  dry  gas  has  not  been  emphasized 
sufficiently.  Better  results  in  our  analyses  were  always 
obtained  when  gas  dried  over  phosphorus  pentoxide  was 
used.  The  single  point  in  Figure  1  labeled  “moist  air” 
was  obtained  in  the  same  way  as  the  points  of  the  other  curve, 
except  that  air  humidified  by  bubbling  through  10  per  cent 
sodium  hydroxide  solution  was  passed  directly  over  iodine 
pentoxide  at  170°  C.  without  drying. 

In  our  first  experiments  98  per  cent  sulfuric  acid  was  used 
to  dry  the  gas.  In  one  experiment,  however,  enough  iodine 
was  added  to  the  absorption  bulb  at  the  beginning  of  the 
run  to  give  a  color  with  the  starch.  As  the  experiment  pro¬ 
ceeded  the  color  of  the  indicator  gradually  bleached,  and 
actually  several  drops  of  0.001  N  iodine  were  needed  to  restore 
the  blue  color  at  the  conclusion  of  the  test.  It  was  necessary, 
therefore,  to  introduce  in  the  scrubbing  train,  subsequent  to 
the  98  per  cent  sulfuric  acid,  soda  lime  and  then  phosphorus 
pentoxide.  Thorburn12  has  also  noted  that  concentrated 

12  Thorburn,  J.  Soc.  Chem.  lnd.t  46,  355  (1927). 


A  method  of  determining  small  amounts  of  carbon 
monoxide  in  ethylene  has  been  developed.  Ethylene  is 
first  removed  from  the  gas  under  examination  by  means 
of  25  per  cent  oleum,  and  the  residual  gas,  diluted  with 
air,  is  freed  successively  from  traces  of  ethylene  by  60 
per  cent  oleum,  from  S03  by  98  per  cent  sulfuric  acid, 
from  S02  by  soda  lime,  and  from  moisture  by  P206,  and 
is  finally  passed  over  hot  I206,  with  subsequent  titra¬ 
tion  of  the  iodine  liberated.  The  more  important  pre¬ 
cautions  in  the  determination  of  carbon  monoxide  in 
air  by  means  of  the  iodine  pentoxide  method  are  dis¬ 
cussed.  The  method  has  been  used  for  determining 
carbon  monoxide  in  mixtures  containing  as  little  as  5 
parts  of  carbon  monoxide  per  100,000  of  mixture,  and 
could  be  satisfactorily  employed  with  even  lower  con¬ 
centrations. 
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sulfuric  acid  is  unsatisfactory  as  a  final  drying  agent  in  this 
determination. 

Titration  of  the  Iodine 

The  use  of  0.001  N  sodium  thiosulfate  solutions  was  soon 
abandoned.  Even  when  made  from  carefully  boiled  distilled 
water,  thiosulfate  solutions  decomposed  far  more  rapidly  on 
standing  than  did  arsenite  solutions  of  similar  strength. 
Figure  2  gives  a  good  idea  of  the  relative  stability  of  the  two 
solutions.  Although  the  0.001  N  arsenite  solutions  did  not 
decompose  appreciably  up  to  the  end  of  5  days,  we  chose  to 
make  up  our  0.001  N  and  0.0001  N  solutions  fresh  each  day 
from  a  0.1  JV  solution  whose  normality  was  checked  at  fre¬ 
quent  intervals  throughout  the  duration  of  the  experiments. 


Figure  1 — Effect  of  Temperature  on  Stability  of 
Iodine  Pentoxide 

Sodium  arsenite  solutions  which  were  0.001  A7”  and  0.0001  N 
were  used  interchangeably.  It  was  found  more  convenient 
to  reach  the  proper  end  point  with  the  more  dilute  solution, 
and  0.0001  N  arsenite  was  used  in  most  of  the  work.  Numer¬ 
ous  experiments  with  0.001  N  and  0.0001  N  solutions  showed 
that  no  appreciable  error  was  introduced  by  the  use  of  the 
more  dilute  solution.  The  titration  was  carried  out  in  the 
absorption  apparatus  to  avoid  the  necessity  of  dilution  during 
transfer  to  another  container. 

Purity  of  Ethylene 

The  ethylene  used  in  the  investigation  was  obtained  from  a 
cylinder  of  compressed  gas.  Blank  runs  using  one  bulb  of 
ethylene  followed  by  two  of  air  showed  iodine  evolved  equiva¬ 
lent  to  1.3  cc.  of  0.0001  N  arsenite.  Although  this  blank 
value  is  larger  than  that  obtained  when  three  bulbs  of  air 
were  used,13  if  we  calculate  from  the  iodine  evolved  the 
amount  of  carbon  monoxide  present  in  the  ethylene,  this 
amount  can  be  no  greater  than  1  part  per  100,000  of  ethylene. 
Furthermore,  it  may  be  that  some  impurity  other  than  carbon 
monoxide  in  the  gas  caused  this  greater  evolution  of  iodine. 
In  a  future  communication  we  will  give  the  results  of  de¬ 
terminations  run  on  ethylene  which  has  been  purified  by 
fractional  distillation. 

The  lower  limit  of  certain  detection  of  carbon  monoxide  in 
ethylene  by  the  official  hemoglobin  test  is  0.02  per  cent. 
The  ethylene  used  here,  therefore,  contained  no  more  than 
0.05  of  this  amount.  As  was  to  be  expected,  it  gave  a  nega¬ 
tive  test  by  the  official  hemoglobin  method. 

Preparation  and  Purity  of  Carbon  Monoxide 

Carbon  monoxide  was  prepared  by  the  action  of  concen¬ 
trated  sulfuric  acid  on  oxalic  acid.  The  carbon  dioxide  was 

18  Iodine  was  evolved  in  such  determinations  equivalent  to  0.55  cc.  of 
0.0001  N  arsenite. 


absorbed  in  boiled  potassium  hydroxide  solution  (2:3)  and 
about  100  cc.  of  monoxide  collected  in  a  gas  buret  and  al¬ 
lowed  to  stand  over  dilute  potassium  hydroxide  for  several 
days.  Measurement  of  the  residual  gas  after  shaking  a 
known  amount  of  the  carbon  monoxide  with  ammoniacal 
cuprous  chloride  showed  the  purity  of  the  gas.  As  the  im¬ 
purity  was  undoubtedly  air,  the  volume  of  residual  gas  was 
multiplied  by  five-fourths  in  calculating  the  purity  of  the 
original  sample,  as  oxygen  is  absorbed  by  the  ammoniacal 
cuprous  chloride. 

Apparatus  and  Method 

The  apparatus  used  is  shown  in  Figure  3.  The  measuring 
bulb  (7),  carefully  calibrated  and  water- jacketed,  had  a 
volume  of  526.25  cc.  at  22.1°  C.,  and  contained  mercury  as- 
a  sealing  fluid.  It  was  connected  to  the  leveling  bulb  (5). 
For  removing  ethylene,  an  absorption  pipet  (6),  containing 
glass  rods  and  filled  with  fuming  sulfuric  acid  (25  per  cent 
S03),  was  provided.  The  mercury  trap  (8),  with  its  attached 
manometer  (9),  and  the  U  tube  (10)  containing  98  per  cent 
sulfuric  acid  served  to  prevent  any  fumes  from  the  60  per 
cent  oleum  in  the  scrubbing  train  (11,  12,  13)  from  getting 
into  the  measuring  bulb.  A  trap  (14)  containing  98  per  cent 
sulfuric  acid  served  to  protect  the  iodine  pentoxide  from 
oleum  fumes,  and  the  drying  tube  (15),  containing  soda  lime 
in  one  arm  and  phosphorus  pentoxide  in  the  other,  prevented 
the  entrance  of  sulfur  dioxide  from  the  sulfuric  acid  and  mois¬ 
ture  into  the  iodine  pentoxide  tube.  The  iodine  pentoxide 
was  contained  in  a  5-mm.  glass  tube  coiled  as  shown  in  the 
figure  (16)  to  allow  preheating  the  gas.  The  tube  contained 
iodine  pentoxide  for  about  5  inches  of  its  length,  in  particles 
of  such  a  size  that  they  would  pass  through  a  15-mesh  sieve 
and  be  retained  by  a  20-mesh  sieve.  An  electric  hot  plate 
maintained  the  Crisco  bath  at  170°  C.  The  exit  from  the 
iodine  pentoxide  tube  was  drawn  down  to  small  bore  and 
inserted  into  the  inlet  of  the  absorption  apparatus  (17), 
which  contained  potassium  iodide  starch  solution.  The 
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Figure  2 — Relative  Stability  of  0.001  N  Sodium 
Arsenite  and  Thiosulfate  Solutions 

joint  was  then  covered  with  pressure  tubing.  There  were 
no  rubber  connections  from  the  measuring  bulb  to  the  joint 
between  the  iodine  pentoxide  tube  and  absorbing  apparatus. 
All  stopcocks  were  lubricated  with  a  little  phosphorus  pentox¬ 
ide  moistened  with  water.  The  absorbing  solution  was  5  cc. 
of  a  1  per  cent  potassium  iodide  solution  and  1  cc.  of  a  1  per 
cent  solution  of  soluble  starch,  both  freshly  prepared. 

In  order  to  familiarize  ourselves  with  the  operation  of  the 
apparatus,  several  determinations  of  carbon  monoxide  in 
carbon  monoxide-air  mixtures  were  made.  As  we  believe 
that  the  results  are  more  accurate  than  most  of  those  in  the 
literature,  particularly  in  view  of  the  small  size  of  the  sample 
used,  they  are  included  with  those  obtained  from  carbon 
monoxide-ethylene  mixtures. 
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The  procedure  was 
very  nearly  identical 
whether  air-carbon 
monoxide  or  ethyl¬ 
ene-carbon  monox¬ 
ide  mixtures  were 
being  analyzed,  ex¬ 
cept  that  in  the  ethyl- 
ene-carbon  monox¬ 
ide  analyses  the 
ethylene  was  first  ab¬ 
sorbed  and  the  resid¬ 
ual  gas,  diluted  with 
air,  handled  as  in  an 
air-carbon  monoxide 
analysis. 

The  gas  measuring 
bulb  was  first  filled 
with  gas  saturated 
with  water  vapor. 

Barometric  pressure 
and  water-jacket  tem¬ 
perature  were  read, 
and  the  mercury  was 
then  adjusted  at  the  calibration  mark  in  the  capillary  tube  be¬ 
low  the  bulb.  The  difference  in  pressure  inside  and  outside 
was  measured,  the  stopcock  to  the  train  was  opened,  and  the 
gas  was  forced  through  the  system  by  elevating  the  leveling 
bulb.  The  pressure  at  the  manometer  generally  amounted  to 
50-55  mm.  and  this  pressure  served  as  a  useful  guide  in  avoid¬ 
ing  the  freezing  of  the  60  per  cent  oleum  in  the  scrubbing  tubes. 
Two  bulbs  of  air  taken  from  out  of  doors  and  scrubbed  with 
acid  permanganate  and  sodium  hydroxide  were  then  forced 
through  the  apparatus  subsequent  to  the  sample.  In  more 
than  ten  instances  where  a  third  bulb  of  air  was  forced  through 
the  train  after  the  completion  of  an  analysis,  no  blue  color  in 
a  fresh  solution  of  potassium  iodide  starch  in  the  absorption 
apparatus  could  be  detected.  When  the  gas  to  be  analyzed 
had  been  displaced  by  mercury,  iodine  could  be  found  in  the 
absorption  bulb  equivalent  to  about  16  per  cent  of  the  total 
monoxide  in  the  gas.  When  the  first  bulb  of  pure  air  had 
passed  into  the  train,  iodine  had  been  absorbed  equivalent 
to  about  81  per  cent  of  the  total.  Consequently,  the  second 
bulb  of  wash  air  carried  over  only  about  3  per  cent  of  the 
total  iodine  liberated.  In  every  case  all  of  the  iodine  was  held 
in  the  first  bend  of  the  absorption  apparatus,  as  shown  by  the 
absence  of  blue  color  in  the  second  bend,  indicating  that 
absorption  was  complete  and  that  air  did  not  liberate  iodine 
from  the  potassium  iodide  solution. 

When  ethylene-monoxide  mixtures  were  analyzed  a  bulbful 
of  gas  was  pumped  into  the  absorption  pipet,  and,  after  the 
greater  portion  of  the  ethylene  had  been  absorbed,  the  residual 
gas  was  diluted  with  about  100  cc.  of  air  from  out  of  doors, 
scrubbed  as  before.  The  absorption  of  a  bulbful  of  ethylene 
required  between  one  and  two  hours.  The  addition  of  air 
toward  the  latter  part  of  the  absorption  helped  to  prevent 
the  solution  of  carbon  monoxide  in  the  sulfuric  acid  by  cutting 
down  the  partial  pressure  of  monoxide  in  the  mixture,  al¬ 
though  undoubtedly  it  slowed  up  the  ethylene  absorption. 
The  residual  carbon  monoxide-air  mixture  was  diluted  with 
scrubbed  outside  air  to  the  volume  of  the  measuring  bulb, 
forced  into  the  train,  and  followed  by  the  usual  amount  of 
wash  air.  A  part  of  the  first  bulb  of  wash  air  was  used  to 
rinse  out  the  capillary  tubes  of  the  absorption  pipet. 

Blank  runs  using  three  bulbs  of  air  produced  an  average 
iodine  evolution  equivalent  to  0.55  cc.  of  0.0001  N  arsenite. 
When  one  bulb  of  ethylene  from  a  cylinder  of  compressed 
ethylene  was  used,  followed  by  two  bulbs  of  air,  the  iodine 


evolved  was  equiva- 
cc.  of 

0.0001  N  arsenite.  In 
the  analyses,  how¬ 
ever,  we  did  not  use 
these  averages.  The 
blank  to  be  sub¬ 
tracted  was  deter¬ 
mined  at  the  comple¬ 
tion  of  each  experi¬ 
ment  by  running  an 
exactly  similar  experi¬ 
ment  using  carbon 
monoxide-free  gas. 

The  cause  of  the 
considerably  higher 
blank  in  the  experi¬ 
ments  with  ethylene 
may  mean  that  a  little 
carbon  monoxide 
(about  1  part  to  100,- 
000  parts  of  ethylene) 
is  present  in  the  gas, 
or  that  some  other  im¬ 
purity  is  interfering. 

Retention  of  Carbon  Monoxide  in  the  Scrubbing  Train 

The  retention  of  carbon  monoxide  in  the  scrubbers  is  a 
possibility.  The  fact  that  in  12  of  the  15  analyses  of  air- 
monoxide  mixtures  too  little  monoxide  was  found  might 
cause  one  to  think  that  this  was  taking  place.  Four  of  the 
analyses  of  the  ethylene- monoxide  mixtures  show  positive 
errors,  seven  show  negative  errors,  and  one  shows  no  error. 
The  evidence  here,  then,  is  not  nearly  as  strong  as  in  the  other 
analyses. 


Table  I — Analyses  of  Carbon  Monoxide-Air  Mixtures 


Mixture 

Parts  Carbon  Monoxide  per  100,000  Parts  op  Gas 

No. 

Computed 

Found 

Error 

la 

22.3 

20.7 

-1.6 

lb 

22.3 

22.0 

-0.3 

lc 

22.3 

21.0 

-1.3 

2a 

12.2 

11.9 

-0.3 

2b 

12.2 

11.5 

-0.7 

2c 

12.2 

11.4 

-0.8 

3a 

8.4 

8.2 

-0.2 

3b 

8.4 

7.7 

-0.7 

3c 

8.4 

7.8 

-0.6 

4a 

5.1 

5.2 

+  0.1 

4b 

5. 1 

5.5 

+  0.4 

4c 

5.1 

4.6 

-0.5 

5a 

2.8 

2.2 

-0.6 

5b 

2.8 

2.5 

-0.3 

5c 

2.8 

3.0 

+  0.2 

Table  II — Analysis  of  Carbon 

Monoxide-Ethylene  Mixtures 

Mixture 

Parts  Carbon  Monoxide  per  100,000  Parts  of  Gas 

No. 

Computed 

Found 

Error 

la 

19.7 

20.3 

+  0.6 

lb 

19.7 

20.2 

+  0.5 

lc 

19.7 

18.4 

-1.3 

2a 

14.9 

13.5 

-1.4 

2b 

14.9 

12.8 

-2.1 

2c 

14.9 

14.3 

-0.6 

3a 

8.6 

9.4  ’ 

+  0.8 

3b 

8.6 

9.3 

+  0.7 

3c 

8.6 

8.5 

-0  1 

4a 

5.3 

4.9 

-0.4 

4b 

5.3 

5. 1 

-0.2 

4c 

5.3 

5.3 

+  0.0 

That  the  returning  of  carbon  monoxide  to  subsequent  analy¬ 
ses  is  not  important  is  evident  from  the  following  considera¬ 
tions.  Every  analysis  was  followed  by  a  blank  determina¬ 
tion.  All  of  the  analyses  of  air-carbon  monoxide  mixtures 
were  conducted  with  the  same  acid  in  the  train,  and  blank 
determinations  which  were  run  on  the  completion  of  the  last 


lent  to  1.3 


2,3 — Acid  KMnOt 

4 —  Dilute  KOH 

5 —  Leveling  bulb,  with  mercury 

6 —  Fuming  H2SO4 — -25%  SOj 

7 —  Gas  balloon  flask  in  water  jacket 

8 —  Mercury  trap 

9 —  Manometer 


10 — Coned.  H2SO4 

11,12,13— Fuming  H2SO4— 60%  SOj 

14—  Coned.  H2SO4 

15 —  Soda  lime  and  P2O5 

16 —  I2OS  in  Crisco  bath 

17 —  Absorption  bulb — 5  cc.  1%  KI  and  1  cc. 

1%  soluble  starch 
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air-carbon  monoxide  analysis  did  not  vary  significantly  from 
those  which  were  made  when  the  acid  was  fresh.  We  con¬ 
clude,  therefore,  that  no  appreciable  error  was  introduced  by 
the  returning  of  carbon  monoxide  from  the  scrubbing  train  to 
mixtures  to  be  analyzed. 

Similarly,  in  the  case  of  ethylene-monoxide  mixtures  there 


was  no  tendency  for  the  blank  determinations  to  increase  as 
the  number  of  analyses  increased.  The  acid  in  the  scrubbers 
was  changed  between  the  air  analyses  and  the  ethylene  analy¬ 
ses,  and  the  same  acid  was  used  throughout  the  series  of 
ethylene  analyses. 

The  experimental  results  are  given  in  Tables  I  and  II. 


Use  of  the  Refractometric  Method  in  Determination 

of  Oil  in  Avocados1 

B.  E.  Lesley  and  A.  W.  Christie 

Fruit  Products  Laboratory,  University  op  California,  Berkeley,  Calif. 


THE  oil  content  of  avocados  is  a  valuable  index  of  ma¬ 
turity  and  market  value  in  determining  the  proper 
time  of  picking  and  shipping.  Furthermore,  the 
California  Fruit  and  Vegetable  Standardization  Act  (Chap. 
350,  sec.  11)  states  that  “Avocados  shall  not  be  considered 
mature  when  the  edible  portion  shows  an  oil  content  of  less 
than  eight  per  cent  by  weight  by  chemical  analysis.” 

The  California  Avocado  Growers  Exchange  found  it  neces¬ 
sary  to  have  frequent  oil  analyses  made  by  the  ether  ex¬ 
traction  method,  which  was  so  expensive  and  time  consuming 
that  they  appealed  to  the  University  of  California  to  develop 
a  rapid  and  inexpensive  method  suitable  for  their  purpose. 
The  method  developed  by  us  and  described  in  this  paper  is 
not  only  suitable  for  the  determination  of  oil  in  avocados  but 
also,  if  a  suitable  factor  is  used  for  its  determination,  in  other 
materials  high  in  moisture  content. 

Wesson2  has  described  a  method  for  determining  oil  in  oil  mill 
materials  based  on  the  extraction  of  the  oil  from  the  material 
by  means  of  a  measured  amount  of  a  suitable  solvent  having 
a  refractive  index  sufficiently  different  from  that  of  the  ex¬ 
tracted  oil  to  produce  relatively  large  changes  in  the  re¬ 
fractive  index  with  small  amounts  of  oil  dissolved  in  the 


solvent.  The  solvent  chosen  was  Halowax  oil  No.  1007, 
which  is  a  commercial  substituted  monochloronaphthalene. 
This  oil  was  obtained  from  the  Halowax  Oil  Corporation  of 
Wyandotte,  Mich;  The  oil  used  in  these  experiments  had 
a  refractive  index  of  1.63535  at  25°  C.  Avocado  oil  has  a 
refractive  index  of  about  1.4772  at  25°  C. 

Method 

Weigh  5  grams  of  finely  ground  and  well  mixed  avocado 
paste  on  a  small  watch  glass.  Transfer  to  a  warm  mortar 
by  means  of  small  bits  of  soft  filter  paper  held  by  tweezers. 
Include  the  filter  paper  in  the  contents  of  the  mortar.  Pipet 

1  Received  August  27,  1928. 

2  Wesson,  Cotton  Oil  Press ,  4,  No.  3,  70  (1920). 


5  milliliters  of  Halowax  oil  into  the  mortar.  Grind  carefully 
for  about  5  minutes.  The  oil  quickly  separates  from  the  mass, 
so  that  a  drop  can  be  conveniently  picked  up  on  a  stirring  rod. 
Separate  a  drop  of  the  oil  mixture,  and  determine  the  re¬ 
fractive  index,  observing  the  temperature  also.  Grind  for 
about  1  minute  more,  and  repeat  the  refractive  index  deter¬ 
mination.  Continue  grinding  and  reading  until  a  constant 
value  is  obtained.  Correct  the  reading  to  25°  C.  by  adding 
0.0004  for  every  degree  above  25°  C.,  or  subtracting  0.0004 
for  every  degree  below  25°  C. 

Application  of  Method 

This  method  was  applied  to  several  samples  of  avocado 
paste  on  which  the  oil  had  already  been  determined  by  the 
official  ether  extract  method.  A  graph  was  prepared  by 
plotting  the  percentage  of  oil  by  ether  extract  and  refractive 
indices  of  mixtures  at  25°  C.  The  result  was  practically  a 
straight  fine.  This  graph  is  presented  in  Figure  1 . 

By  drawing  this  graph  to  a  larger  scale  than  here  presented 
and  extrapolating  it  was  observed  that  the  theoretical  re¬ 
fractive  index  which  would  be  obtained  from  a  sample  of 
avocado  containing  0  per  cent  oil  would  be  1.63215,  whereas 
the  refractive  index  of  the  Halowax  oil  used  was  1.63535. 
This  difference  of  0.00320  is  probably  due  to  the  presence  of 
some  substance  other  than  oil,  which  will  dissolve  in  Halowax 
oil,  lowering  the  refractive  index.  It  is  believed  that  this 
figure  is  correct  for  all  samples  within  the  limits  of  error  of 
the  method,  which  is  not  greater  than  ±0.3  per  cent. 

Unfortunately,  all  shipments  of  Halowax  oil  do  not  have 
the  same  refractive  index.  Variations  in  refractive  index  as 
high  as  ±0.002  have  been  noted  by  the  authors.  For  this 
reason  the  use  of  the  graph  in  converting  refractive  indices 
to  percentage  of  oil  may  be  inconvenient  or  cause  error.  The 
following  formula  was  considered  more  correct  and  con¬ 
venient: 

(a  -  0.0032)  -  b 

d  “  ° 

where  a  =  refractive  index  of  Halowax  oil  at  25°  C. 
b  =  refractive  index  of  mixture  oil  at  25  °  C. 
c  —  per  cent  oil  in  sample 

d  =  change  in  refractive  index  per  per  cent  of  oil  in  sample 

From  the  slope  of  the  fine  (Figure  1)  it  is  seen  that  d  = 
0.001555  per  cent  oil. 


Practically  all  Czechoslovakian  producers  of  potato  starch  are 
included  in  an  organization  which  has  recently  been  formed  in 
that  country.  The  uncertain  outlook  for  the  industry  in  general, 
together  with  a  poor  crop  of  potatoes  in  Slovakia  and  good  crops 
in  neighboring  countries,  hastened  the  formation  of  the  cartel. 
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Determination  of  Iron  and  Aluminum  Oxides, 
Magnesium  Oxide,  and  Calcium  Oxide  in 

Portland  Cement 

Rapid  Method 

J.  Stanton  Pierce  and  W.  C.  Setzer 

Georgetown  College,  Georgetown,  Kentucky 


CONTROL  analysis  in  the  annual  production  of  over 
160  million  barrels  of  Portland  cement  in  the  United 
States  is  no  small  task,  for  Government2  and  other 
standard3  specifications  are  very  rigorous.  The  standard 
method  of  analysis  of  cement3  is  rather  tedious  and  this  as 
well  as  many  of  the  more  rapid  methods  for  the  determi¬ 
nation  of  magnesium4  in  mixtures  containing  calcium  require 
the  removal  of  the  latter  before  the  magnesium  can  be  de¬ 
termined.  This  is  a  distinct  disadvantage,  for  quite  fre¬ 
quently  it  is  necessary  to  determine  the  magnesium  and  not 
the  calcium. 

In  a  recent  paper  from  this  laboratory,5  the  procedure  for 
the  titrometric  determination  of  calcium  and  magnesium  in 
limestone  was  given.  In  this  work  bromothymol  blue  was 
used  to  indicate  neutrality,  at  which  point  iron  and  aluminum 
were  completely  precipitated  as  the  hydroxides,  and  trinitro¬ 
benzene  was  used  to  indicate  the  precipitation  of  magnesium 
hydroxide,  calcium  remaining  in  solution.  The  method  men¬ 
tioned  above,  however,  is  not  applicable  to  cement  analysis 
but  by  using  the  same  indicators  and  modifying  the  pro¬ 
cedure  somewhat,  iron  and  aluminum  oxides,  magnesium 
oxide,  and  calcium  oxide  are  determined  satisfactorily. 
(Work  is  now  in  progress  in  this  laboratory  for  the  deter¬ 
mination  of  magnesium  in  various  mixtures.) 

Theoretical  Considerations 

Ferric  hydroxide  is  insoluble  in  neutral  or  alkaline  solu¬ 
tion,  and  aluminum  hydroxide  is  insoluble  in  neutral  solu¬ 
tion  but  appreciably  soluble  in  slightly  alkaline6  solution. 
Therefore,  in  order  to  remove  the  iron  and  aluminum  quan¬ 
titatively  from  the  solution  of  cement,  the  pH  must  be  near 
7.  Bromothymol  blue  is  used  to  indicate  this  point.  The 
precipitated  hydroxides  of  iron  and  aluminum  are  filtered 
off,  washed,  dissolved,  reprecipitated,  and  ignited  to  the  oxides 
by  standard  procedure. 

Trinitrobenzene  gives  a  dark  brick-red  color  in  saturated 
calcium  hydroxide  solution  but  does  not  in  saturated  magne¬ 
sium  hydroxide  solution.  Therefore,  magnesium  hydroxide 
is  precipitated  by  the  addition  of  trinitrobenzene  and  car¬ 
bonate-free  alkali  to  the  filtrate  from  iron  and  aluminum 
hydroxides  until  a  dark  brick-red  color  is  obtained.  The 
precipitate  of  magnesium  hydroxide  is  filtered  off,  washed, 
dissolved  in  excess  standard  acid,  and  the  excess  acid  titrated 
with  standard  alkali,  dimethylaminoazobenzene  being  used 
as  indicator. 

1  Received  June  29,  1928. 

7  Federal  Specification  Board  Specification  No.  la.  Bur.  Standards, 
Circ.  33. 

•  A.  S.  T.  M.,  C9-21. 

4  Arrhenius,  J.  Am.  Chem.  Soc.,  44,  132  (1922);  Bruekmiller,  Ibid., 
39,  610  (1917);  Hahn  and  Meyer,  Ber.,  60B,  975  (1927);  Klingenfuss, 
Z.  anorg.  allgem.  Chem.,  138,  195  (1924);  Bucherer,  Z.  anal.  Chem.,  59,  297 
(1920);  Gregoire  and  Sola,  Bull.  soc.  chim.  Belg.,  32,  131  (1923);  Bruck- 
miller,  Chemist-Analyst,  28,  7  (1919);  Springer,  Z.  angew.  Chem.,  32,  192 
(1919);  Canals,  Bull.  soc.  chim.,  [4]  25,  655  (1919). 

4  Pierce  and  Setzer,  with  Peter,  Ind.  Eng.  Chem.,  20,  436  (1928). 
•Blum,  J.  Am.  Chem.  Soc.,  38,  1282  (1916);  Jander  and  Ruperti, 
Z.  anorg.  allgem.  Chem.,  153,  253  (1926). 


To  the  filtrate  from  magnesium  hydroxide,  sodium  carbon¬ 
ate  is  added  in  excess,  the  precipitated  calcium  carbonate 
filtered  off,  dissolved  in  excess  standard  acid,  and  the  excess 
titrated,  with  dimethylaminoazobenzene  as  indicator. 

Experimental  Procedure 

Five-tenths  of  a  gram  of  cement  is  weighed  to  the  nearest 
milligram  into  a  400-cc.  beaker.  Standard  procedure3  is 
used  for  its  solution,  evaporation,  dehydration  of  silica,  solu¬ 
tion  of  other  substances  present,  and  removal  of  silica  by 
filtration.  Since  there  is  nothing  new  about  the  procedure 
through  the  removal  of  silica,  it  was  not  determined,  but 
was  discarded. 

The  filtrate  from  silica  is  treated  with  1  cc.  of  0.04  per 
cent  alcohol  solution  of  bromothymol  blue  and  0.25  N  sodium 
hydroxide  is  added  until  a  slight  blue  color  is  obtained.  The 
precipitate  of  iron  and  aluminum  hydroxides  is  filtered  off 
and  washed  thoroughly  with  hot  water,  the  washings  being 
caught  in  the  same  beaker  as  the  original  filtrate.  The  pre¬ 
cipitate  is  dissolved  in  dilute  nitric  acid,  reprecipitated  with 
ammonium  hydroxide,  filtered,  washed  thoroughly  with 
hot  water,  and  ignited  to  the  oxides  of  iron  and  aluminum 
by  standard  procedure.  The  number  of  centigrams  of  ig¬ 
nited  precipitate,  multiplied  by  2,  gives  the  per  cent  of  R2O3 
in  the  sample. 

The  slightly  blue  filtrate  from  iron  and  aluminum  hydrox¬ 
ides  is  acidified  with  hydrochloric  acid,  boiled  for  a  few 
minutes  to  expel  carbon  dioxide,  and  cooled.  One  cubic 
centimeter  of  a  saturated  alcoholic  solution  of  trinitrobenzene 
is  added  for  every  10  cc.  of  solution  and  carbonate-free  so¬ 
dium  hydroxide  is  added  slowly  to  the  stirred  solution  until 
a  deep  red  color  is  obtained,  the  solution  being  kept  covered 
with  a  watch  glass  as  much  as  possible  to  prevent  the  absorp¬ 
tion  of  carbon  dioxide  from  the  air.  The  precipitated  magne¬ 
sium  hydroxide  is  filtered  off  and  washed,  the  funnel  being 
kept  covered  with  a  watch  glass  except  when  the  solution  is 
being  poured  in  it.  After  the  wash  water  has  drained  com¬ 
pletely  out  of  the  funnel,  the  precipitate  of  magnesium  hy¬ 
droxide  and  filter  paper  are  transferred  to  the  beaker  in  which 
precipitation  took  place,  10  cc.  of  0.25  N  hydrochloric  acid 
are  pipetted  into  the  beaker,  about  50  cc.  of  water  and  4 
drops  (or  more  if  the  color  fades)  of  0.1  per  cent  alcoholic 
solution  of  dimethylaminoazobenzene  are  added,  and  the 
excess  acid  is  titrated  with  0.25  N  sodium  hydroxide,  a  very 
slight  pink  being  taken  as  the  end  point.  The  number  of 
cubic  centimeters  of  acid  required  to  dissolve  the  precipitate 
of  magnesium  hydroxide  is  the  per  cent  of  MgO  in  the  sample. 

The  filtrate  from  magnesium  hydroxide  is  heated  to  boil¬ 
ing,  excess  N  sodium  carbonate  is  added  slowly,  with  stirring, 
and  the  solution  is  boiled  gently  for  a  few  minutes.  The 
solution  is  filtered  hot,  the  precipitate  is  washed  and,  with 
the  filter  paper,  transferred  to  the  beaker  in  which  precipi¬ 
tation  took  place.  The  beaker  is  covered  with  a  watch  glass 
and  50  cc.  of  0.25  N  hydrochloric  acid  are  added  from  a 
pipet.  After  reaction  has  ceased,  the  sides  of  the  beaker 
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and  the  cover  are  washed,  4  drops  of  0.1  per  cent  alcohol 
solution  of  dimethylaminobenzene  are  added,  and  the  solu¬ 
tion  is  titrated  with  0.25  N  sodium  hydroxide  to  a  slight  pink 
color  of  the  indicator.  The  number  of  cubic  centimeters  of 
acid  required  to  dissolve  the  precipitate  of  calcium  carbonate 
multiplied  by  1.4  gives  the  per  cent  of  CaO  in  the  sample. 

Table  I — Representative  Analyses  of  Cement3 


R2O3 

Magnesium  Oxide 

Calcium  Oxide 

Sample 

Present 

Found 

Present 

Found 

Present 

Found 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

1 

9.3 

9.4 

4.9 

5.0 

61.8 

62.0 

2 

8.9 

8.9 

1.1 

1.1 

64.0 

64.5 

3 

10.5 

10.4 

3.1 

3.3 

61.7 

61.9 

4 

9.2 

9.3 

1.5 

1.5 

62.5 

62.7 

a  Acknowledgment  is  made  to  the  Bureau  of  Standards,  from  whom  the 
analyzed  samples  were  obtained. 

Discussion  of  Method 

In  the  calculation  of  results,  for  strict  accuracy,  the  num¬ 
ber  of  cubic  centimeters  of  acid  required  to  dissolve  the  mag¬ 
nesium  hydroxide  should  be  multiplied  by  1.008  instead  of 
1,  and  the  number  of  cubic  centimeters  of  acid  required  to 
dissolve  the  calcium  carbonate  should  be  multiplied  by  1.4018 
instead  of  1.4.  However,  since  this  method  will  be  of  use 
only  for  control  work,  where  the  highest  accuracy  is  not  re¬ 
quired,  the  approximations  given  will  be  satisfactory. 

The  fact  that  the  results  by  this  method  are  as  near  cor¬ 
rect  as  shown  in  the  above  representative  set  of  analyses  is 
due  to  a  balancing  of  errors.  The  loss  of  magnesium  hydrox¬ 
ide  in  the  filtrate  is  offset  by  the  precipitate  of  calcium  car¬ 
bonate,  due  to  the  slight  amount  of  carbon  dioxide  absorbed 
from  the  air,  and  to  the  presence  of  a  small  amount  of  sodium 
hydroxide  not  washed  out  of  the  precipitated  magnesium 
hydroxide.  After  magnesium  was  determined,  the  solu¬ 
tions  were  filtered  and  the  calcium  determined  by  precipi¬ 
tation  of  the  oxalate  and  titration  with  potassium  perman¬ 
ganate.  The  results,  expressed  in  terms  of  MgO,  were  0.3, 
0.3,  0.4,  and  0.2  per  cent,  respectively,  for  samples  1,  2,  3, 
and  4.  The  slightly  high  results  for  calcium,  in  spite  of  this 
loss,  must  be  due  to  the  sodium  carbonate  remaining  after 
three  washings. 

In  order  to  cut  carbonation  of  the  calcium  to  a  minimum, 
the  precipitate  of  magnesium  hydroxide  should  be  filtered 
in  a  room  in  which  there  are  few  burners,  and  the  beaker 
and  funnel  containing  the  precipitate  should  be  kept  covered 
as  much  as  possible.  To  see  what  would  be  the  effect  of 
filtering  in  the  presence  of  an  abundance  of  carbon  dioxide, 
the  following  experiment  was  carried  out: 

In  two  solutions,  each  containing  10  cc.  of  magnesium  chloride 
solution  (1  cc.  =  2  mg.  Mg)  and  calcium  chloride  equivalent  to 


300  mg.  of  CaO,  the  magnesium  was  precipitated  as  the  hy¬ 
droxide  and  the  precipitates  were  filtered  off  with  lighted  Bunsen 
burners  at  full  height  on  each  side  10  cm.  from  the  funnels. 
In  one  case  the  beaker  and  funnel  containing  the  magnesium 
hydroxide  were  left  uncovered  and  the  beaker  was  allowed  to 
stand  by  one  burner.  In  the  other  case  both  beaker  and  funnel 
were  kept  covered  except  while  the  funnel  was  being  filled.  The 
magnesium  was  determined  as  described  above  and  the  calcium 
present  with  the  magnesium  hydroxide  precipitate  was  deter¬ 
mined  as  the  oxalate. 

The  values  obtained  are  given  below: 


Uncovered  Covered 

Sample  Sample 

Mg.  Mg. 

Magnesium  22  8  21.3 

Magnesium  equivalent  of  calcium  3  3  2.1 


It  is  quite  evident  from  these  results  that  precautions  should 
be  taken  to  prevent  carbonation.  However,  if  due  precau¬ 
tions  are  taken,  no  great  error  should  be  introduced,  for  even 
with  the  excellent  chance  for  carbonation  in  the  covered  sam¬ 
ple,  the  magnesium  found  was  only  1.3  mg.  higher  than  the 
amount  present.  In  a  0.5-gram  sample  of  cement,  this  corre¬ 
sponds  to  a  little  over  0.4  per  cent  of  MgO. 

The  determination  of  iron  and  aluminum  oxides  by  this 
method  takes  a  little  longer  than  by  two  precipitations  with 
ammonium  hydroxide,  for  when  this  method  is  used  the 
first  washing  must  be  thorough  enough  to  insure  practically 
complete  removal  of  calcium  and  magnesium.  This  is  be¬ 
cause  the  filtrate  from  the  second  precipitation  contains 
ammonium  hydroxide,  which,  if  mixed  with  the  original 
filtrate,  will  interfere  with  subsequent  tests.  The  accuracy 
of  the  two  methods  should  be  about  the  same. 

This  method  for  the  determination  of  calcium  and  mag¬ 
nesium  is  much  more  rapid  than  the  customary  procedure 
of  precipitating  the  calcium  as  the  oxalate  and  the  magnesium 
as  magnesium-ammonium  phosphate,  particularly  if  a  double 
precipitation  of  magnesium  is  carried  out.  In  this  procedure 
no  evaporation  is  necessary,  and  both  calcium  and  magnesium 
are  determined  volumetrically  with  one  set  of  standard  solu¬ 
tions.  However,  it  is  not  quite  so  accurate  as  the  customary 
procedure,  for  calcium  oxalate  can  be  washed  more  thoroughly 
than  can  calcium  carbonate,  without  danger  of  loss,  and  in 
spite  of  balancing  errors,  the  results  for  magnesium  are  not 
so  accurate  as  those  obtained  by  the  more  tedious  gravimetric 
method. 

This  procedure  should  be  of  especial  advantage  for  control 
work,  where  magnesium  alone  is  determined.  When  ex¬ 
treme  accuracy  is  not  required,  it  should  find  a  field  of  useful¬ 
ness,  also,  when  R2O3  and  calcium  are  to  be  determined. 


X-Ray  Quantitative  Analysis  of  Tetraethyl  Lead  in 

Gasoline' 

R.  H.  Aborn  and  R.  H.  Brown 

Department  of  Chemical  Engineering,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


X-RAY  methods  have  been  applied  successfully  to  quan¬ 
titative  analysis  in  but  very  few  instances  and  these 
have  been  confined  largely  to  spectral  absorption 
methods.  The  possibility  that  a  mass  absorption  method 
might  serve  as  a  means  of  determining  the  amount  of  tetra¬ 
ethyl  lead  in  gasoline  was  suggested  to  the  writers  by  George 
Calingaert  of  the  Ethyl  Gasoline  Corporation. 

The  concentration  range  of  tetraethyl  lead  in  commercial 

1  Received  August  20,  1928. 


gasolines  varies  from  under  0.5  to  3  cc.  per  gallon  (3.7854  liters), 
and  an  error  in  analysis  under  0.1  cc.  per  gallon  is  desirable. 
With  the  experimental  arrangement  described  below  the 
method  is  capable  of  an  accuracy  of  0.1  cc.  per  gallon.  With 
further  refinements  it  is  believed  the  precision  can  be  in¬ 
creased  to  the  accuracy  required  in  commercial  analysis. 
0.1  cc.  per  gallon  is  equivalent  to  1  part  in  14,000  parts  by 
weight.  Such  high  sensitivity  is  possible  only  when  the  con¬ 
stituents  (in  this  case  solvent  and  solute)  differ  very  widely 
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in  absorbing  power.  It  seems  probable,  however,  that  a 
modification  of  this  method  might  be  applied  to  other  mate¬ 
rials  whose  constituents  differ  less  widely  in  absorbing  power, 
provided  the  required  sensitivity  is  not  so  high. 


X-RAT  TUBE 


A  diagram  of  the  experimental  arrangement  is  shown  in 
Figure  1.  All  wires,  batteries,  and  instruments  were  electri¬ 
cally  shielded.  A  water-cooled  molybdenum  target  diffrac¬ 
tion  type  Coolidge  tube,  operating  at  35  kilovolts  and  20 
milliamperes,  was  found  well  suited  for  the  work.  The  ioni¬ 
zation  chamber  was  of  the  Bragg  type  and  the  galvanometer 
was  a  Leeds  and  Northrup  moving-coil  type  instrument  with 
a  sensitivity  of  10  “10  amperes.  Specimen  containers  made 
from  brass  tubes  having  an  inside  diameter  of  3.97  cm.  with 
an  effective  length  of  5.08  cm.  were  found  satisfactory.  The 
capped  ends  contained  2.54  cm.  diameter  holes,  over  which 
0.00508  cm.  thick  aluminum  windows  were  placed. 

The  standard  solutions  were  made  up  from  tetraethyl 
“fluid”  of  such  a  composition  that  3  cc.  of  “fluid”  contained 


1.65  cc.  of  Pb  (C2H5)4.  Eight  samples  were  made  up  con¬ 
taining  from  0.0  to  3  cc.  of  tetraethyl  lead  per  gallon  (3.7854 
liters)  using  commercial  gasoline  as  the  solvent. 

Among  the  conditions  which  exert  a  marked  influence  on 
the  shape  of  the  curve  will  be  the  type  of  radiation  and  the 
thickness  of  specimen  penetrated  by  the  beam.  Figure  2 
shows  two  curves  obtained  under  the  above  operating  condi¬ 
tions.  From  these  curves  it  seems  evident  that:  (1)  The 
method  holds  distinct  promise  as  an  analytical  tool;  (2)  the 
experimental  conditions  as  outlined  give  practically  straight- 
line  curves;  (3)  an  accurate  control  of  operating  conditions 
is  important.  It  was  also  observed  that  close  current  control 
is  equally  important. 

Among  further  re¬ 
finements  to  increase 
the  precision  may  be 
mentioned  a  high 
sensitivity  resistance 
bridge  in  conjunction 
with  an  ionization 
chamber,  or  two  ioni¬ 
zation  chambers  bal¬ 
anced  against  each 
other,  one  for  a  stand¬ 
ard  specimen  and  the 
other  for  the  '  'un¬ 
known.” 

As  the  time  required 
for  each  determination  by  this  method  may  reasonably  be  an¬ 
ticipated  to  be  as  short  as  5  minutes,  while  the  usual  chemi¬ 
cal  method  requires  40  minutes,  a  further  practical  and 
economic  point  is  added  to  the  value  of  this  new  method. 


Note  on  the  Estimation  of  Borate  in  Natural  Waters  ! 


Margaret  D.  Foster 


XJnited  States  Geological  Survey,  Washington,  D.  C. 


IN  THE  examination  of  natural  waters  information  on 
the  probable  content  of  borates  is  sometimes  desired. 
The  Gooch  method,3  involving  the  distillation  of  methyl 
borate,  takes  more  time  and  requires  more  water  than  are 
usually  available  for  the  determination.  It  has  been  found 
satisfactory  to  use  for  such  samples  an  adaptation  of  the  well- 
known  qualitative  test  with  turmeric.  When  all  the  details 
described  below  are  followed  carefully  the  results  obtained 
are  sufficiently  accurate  for  the  purposes  of  a  general  survey. 
Time  has  not  been  available  to  make  a  study  of  possible  in¬ 
terfering  substances  or  of  the  possibility  that  boron  might 
be  present  in  a  form  that  would  not  react  with  the  turmeric. 
It  appears,  however,  that  the  quantity  of  borate  in  most 
natural  waters  is  indicated  fairly  closely  by  the  method 
described. 

Reagents 

Standard  Borate  Solution — -(1)  0.16  gram  of  borax  in  1 
liter  of  distilled  water  (1  cc.  contains  0.1  mg.  BO3);  (2) 
25  cc.  of  solution  1  diluted  to  250  cc.  (1  cc.  contains  0.01  mg. 
B03). 

Turmeric  Solution — 5  grams  of  powdered  turmeric  which 

1  Received  July  31,  1928. 

2  Published  by  permission  of  the  Director,  United  States  Geological 
Survey. 

»  Am.  Chem.  J.,  9,  23  (1887). 


has  been  repeatedly  washed  in  water  are  dissolved  in  500  cc. 
of  alcohol.  Filter  before  use. 

Hydrochloric  Acid  Solution — 4  cc.  of  hydrochloric 
acid  (sp.  gr.  1.178-1.183)  are  added  to  96  cc.  of  distilled  water. 

Salt  Solution — 25  grams  of  sodium  chloride  and  25 
grams  of  sodium  sulfate  (anhydrous)  in  1  liter  of  distilled 
water. 

Procedure 

Add  1  cc.  of  the  hydrochloric  acid  solution  and  1  cc.  of  the 
turmeric  solution  to  10  cc.  of  the  sample  in  a  small  white 
evaporating  dish.  Evaporate  to  dryness  very  slowly  on 
the  steam  bath.  If  the  residue  is  golden,  with  no  trace  of 
pink,  no  borate  is  present.  If  it  has  a  pink  or  rose  tint, 
borate  is  present.  The  quantity  may  be  estimated  by  com¬ 
parison  with  standards  prepared  by  evaporating  to  dryness 
very  slowly  known  quantities  of  the  borate  solution,  made  up 
to  a  volume  of  10  cc.  with  distilled  water,  to  which  1  cc.  of 
hydrochloric  acid  solution  and  1  cc.  of  turmeric  solution  have 
been  added. 

The  standards  may  range  from  0.000  to  0.50  mg.  of  BO3. 
Standards  containing  0.000,  0.0025,  0.0050,  0.0075,  and  0.010 
mg.  of  BO3  show  distinct  differences  in  tint,  and  in  samples 
containing  such  quantities  the  B03  may  be  estimated  to  about 
0.001  mg.  Above  0.01  mg.  the  standards  must  have  wider 
ranges — 0.01,  0.03,  0.06,  0.10,  0.25,  and  0.5  mg.  of  B03  to 
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show  distinct  gradations  in  color.  With  these  larger  quan¬ 
tities  of  BO3  it  may  be  advisable  to  use  0.5  cc.  of  turmeric  solu¬ 
tion  instead  of  1  cc.,  provided,  of  course,  the  same  quantity  is 
added  to  both  sample  and  standard. 

If  the  sample  is  high  in  dissolved  mineral  matter,  the  ac¬ 
cumulation  of  salts  in  the  bottom  of  the  dish  may  make  diffi¬ 
cult  a  comparison  with  standards  prepared  from  distilled 
water.  With  these  samples  small  quantities  of  the  salt  solu¬ 
tion,  the  quantity  depending  upon  the  mineral  content  of 
the  samples,  may  be  added  to  the  standards  to  make  them 
more  nearly  comparable  with  the  samples.  It  is  difficult, 
however,  to  obtain  a  similar  deposition  of  salts  in  both  sample 
and  standards.  If  the  accumulation  of  salts  is  too  great  for 
comparison  with  the  ordinary  standards,  it  may  be  better  to 
use  a  smaller  volume  of  the  sample,  diluted  to  10  cc.,  for  the 
determination,  rather  than  to  try  to  duplicate  the  salt  deposi¬ 
tion. 

If  the  borate  content  of  the  sample  is  very  low,  it  is  some¬ 
times  advisable  to  use  25  cc.  as  the  volume  for  both  sample 


and  standard.  It  is  necessary  to  evaporate  the  whole  amount 
of  each  down  at  once,  rather  than  to  evaporate  a  larger 
volume  of  the  sample  down  in  portions  for  comparison  with 
standards  prepared  from  a  volume  of  10  cc. 

Natural  waters  may  dissolve  appreciable  quantities  of 
boron  from  the  glass  bottles  in  which  they  are  collected,  es¬ 
pecially  if  kept  in  the  bottles  some  time  before  testing  for 
borax.  It  is  advisable,  therefore,  to  make  the  test  for  borax 
as  soon  as  possible  after  collection  of  the  samples  unless  the 
bottles  are  known  to  be  satisfactory  in  this  respect.  Blank 
tests  for  borax  in  distilled  water  which  has  stood  for  several 
days  in  the  bottles  to  be  used  will  indicate  whether  or  not 
borax  is  given  up  by  the  bottles. 

The  salt  solution  used  to  make  the  residue  upon  evapora¬ 
tion  of  the  standards  more  nearly  comparable  with  the  samples, 
if  the  samples  are  high  in  dissolved  mineral  matter,  should 
also  be  checked  from  time  to  time  for  borax  dissolved  from 
the  bottle.  A  fresh  salt  solution  is  preferable  to  one  that 
has  been  standing  in  the  bottle  for  some  time. 


Dimethyl-Alpha-Naphthylamine  for  Determination 

of  Nitrite  Ion1 

Frederick  G.  Germuth 

Department  of  Public  Works,  Bureau  of  Standards,  Baltimore,  Md. 


AS  A  reagent  for  the  detection  and  estimation  of  nitrites 
existing  in  minute  portions  in  waters  of  known  com¬ 
position  as  well  as  in  those  of  questionable  origin, 
a-naphthylamine  in  conjunction  with  sulfanilic  acid  has 
acquired  a  popularity  in  analytical  circles  that  it  has  been 
successful  in  securely  retaining  over  a  long  period.2  The 
instability  of  the  coloration  produced  by  this  compound  in 
the  presence  of  the  nitrite  radical  introduces  a  disadvantage 
that  is  obvious;  any  efforts  directed  toward  the  remedying 
or  elimination  of  this  drawback  would,  it  was  believed,  justify 
the  study  and  subsequent  labor  essential  to  the  accomplish¬ 
ment  of  the  end  sought. 

During  the  course  of  experiments  carried  on  by  the  author 
at  this  laboratory,  in  which  certain  naphthalene  substitution 
products,  including  a-  and  /3-naphthylamine,  were  employed 
in  methylation  processes,  it  was  observed  that  dimethyl- 
a-naphthylamine  is  capable  of  producing  a  more  distinct 
coloration  than  a-naphthylamine,  in  solutions  containing 
small  quantities  of  nitrite  ion,  and  in  addition,  the  color  so 
formed  possesses  the  property  of  stability  and  permanence. 

Experimental  work  was  immediately  undertaken  to  learn 
to  what  extent  the  utilization  of  the  alkyl  derivative  of  a- 
naphthylamine  might  find  application  as  a  chemical  reagent 
in  the  determination  of  the  soluble  salts  of  nitrous  acid. 
The  procedure  and  results  are  herein  presented. 

Quality  and  Purification  of  Materials 

The  compounds  employed — namely,  sulfanilic  acid, .  a- 
naphthylamine,  acetic  acid,  sodium  nitrite,  and  aluminum 
hydroxide — were  of  the  highest  purity  obtainable.  The 
sodium  nitrite  was  prepared  according  to  the  method  advo¬ 
cated  by  the  American  Public  Health  Association,3  as  were 
also  the  solutions.  The  aluminum  hydroxide  was  prepared 
by  precipitation;  a  solution  of  aluminum  chloride,  crystal- 

1  Received  June  25,  1928. 

5  Ilosvay,  Bull.  soc.  chim.,  [3]  2,  388  (1889). 

3  "Standard  Methods  for  Examination  of  Water  and  Sewage,”  p.  18 
(1925). 


lized  and  then  acted  upon  by  pyridine-free  ammonium 
hydroxide,  furnished  a  compound  of  high  purity.  Standard 
tests  made  for  the  detection  of  chloride,  nitrite,  and  am¬ 
monium  compounds  gave  negative  results.  Basic  fuchsin 
(magenta)  was  used  in  preparing  the  permanent  standards, 
while  dimethyl-a-naphthylamine  was  employed  in  the  pro¬ 
duction  of  the  experimental  permanent  standards.  The 
latter  compound  possesses  a  boiling  point  of  145-146°  C. 
at  12  mm.,  and  is  practically  free  of  extraneous  substances. 

Method 

The  modus  operandi  followed  in  the  experimental  work  and 
preparation  of  essential  reagent  solutions  is  that  endorsed  by 
the  American  Public  Health  Association.3  Ten  experi¬ 
mental  solutions  of  sodium  nitrite  of  various  degrees  of  dilu¬ 
tion  were  prepared  and,  after  treatment  ■with  a-naphthyl¬ 
amine  reagent,  were  permitted  to  stand  for  10  minutes  before 
comparison  with  the  standards  of  basic  fuchsin  was  made. 
The  Nessler  tube  containing  each  test  sample  was  replaced 
in  its  position  in  rack,  and  then  closely  observed  in  an  effort 
to  discern  any  fading  or  discoloration  in  its  incipiency. 
Table  I  shows  the  results  of  this  inspection. 

Table  I — Effect  of  Time  on  Coloration  of  Experimental  Nitrite 

Solutions 

Time  before  Time  before 

Solution  NO2  Change  Occurs  Solution  NO2  Change  Occurs 


Gram 

Minutes 

Gram 

Minutes 

1 

0 . 0005 

28 

6 

0.0175 

34 

2 

0.0025 

32 

7 

0.0200 

36 

3 

0 . 0050 

32 

8 

0 . 0400 

41 

4 

0.0100 

33 

9 

0.0800 

45 

5 

0.0150 

32 

10 

0.1000 

51 

Ten  additional  solutions  were  now  made  up,  using  the 
same  amount  of  sodium  nitrite  as  in  the  previous  tests. 
They  were  treated  in  precisely  the  same  manner  as  the  pre¬ 
ceding  solutions,  except  dimethyl-a-naphthylamine,  C10H7N- 
(CHsK  was  substituted  for  the  substance  first  employed,  to 
produce  the  coloration  sought.  The  results  attained  con¬ 
vinced  one  that  the  methyl  derivative  of  the  naphthalene- 
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amino  compound  excelled  the  other  in  several  respects.  The 
methylated  reagent  is  more  sensitive  and  far  more  stable, 
and  its  action  in  producing  a  color  change  much  more  rapid. 

During  a  period  of  sixty  days  the  depth  of  the  color  was 
identical  with  that  originally  produced.  The  contents  of 
each  of  the  Nessler  tubes  had  been  protected  from  dust  dur¬ 
ing  this  interval,  and  each  had  remained  unchanged  in  appear¬ 
ance.  Although  the  tubes  were  not  exposed  to  direct  sun¬ 
light  during  this  time,  no  attempt  was  made  to  exclude  light. 

Preparation  of  Dimethyl-a  Naphthylamine  Reagent 

A  solution  of  5.25  grams  of  dimethyl-a-naphthylamine 
dissolved  in  1  liter  of  4  A  acetic  acid  in  95  per  cent  methanol 
insures  the  most  satisfactory  results  in  the  colorimetric 
estimation  of  nitrites.  Such  a  solution  is  stable  and  of  high 


sensitivity.  It  is  also  evident  that  standards  of  this  reagent 
are  permanent,  thus  obviating  the  necessity  for  preparing 
the  usual  unstable  fuchsin  standards. 

Effect  of  Hydrogen  Sulfide 

A  series  of  experiments  was  carried  out  using  solutions 
similar  in  concentration  to  those  described  above.  Each 
contained  a  small  proportion  of  hydrogen  sulfide,  in  incre¬ 
ments  of  0.01  p.  p.  m.  The  results  obtained  in  these  tests 
assured  one  that  while  dimethyl-a-naphthylamine  was 
noticeably  affected  by  large  quantities  of  hydrogen  sulfide, 
the  effect  was  not  so  apparent  nor  did  it  occur  with  the  same 
readiness  as  when  a-naphthylamine  was  used.  Indeed,  in 
the  lower  concentrations  of  the  gas,  it  was  impossible  to  detect 
any  color  change  in  the  solutions  under  examination. 


Decomposition  of  Barium  Sulfate  by  Solutions 

of  Sodium  Carbonate1 


IN  A  previous  paper2  the 
author  describes  an  acid 
solution  method  of  de¬ 
composing  rubber  samples  in 
the  determination  of  sulfur  in 
rubber,  and  suggests  that,  in 
the  presence  of  barium,  lead, 
or  other  compounds  which 
yield  an  insoluble  residue  after 
oxidation  of  the  rubber  by  the 
acid  oxidizing  agents,  this  in¬ 
soluble  residue  be  filtered  off 
and  fused  separately  with 
sodium  carbonate. 

In  place  of  this  fusion,  how¬ 
ever,  it  was  suggested3  that 
any  sulfur  that  might  be  pres¬ 
ent  in  this  insoluble  residue  in 
the  form  of  sulfates  might  be 
extracted  with  a  solution  of 
sodium  carbonate.  The  idea 
appeared  very  attractive,  for, 
in  case  this  procedure  were  found  feasible,  the  decomposition  of 
insoluble  sulfates  could  be  accomplished  in  the  same  flask  in 
which  the  original  rubber  sample  was  oxidized,  thus  materially 
simplifying  the  procedure  as  well  as  saving  time  and  labor. 

No  difficulty  was  anticipated  in  decomposing  the  sulfates 
of  lead  and  calcium  in  this  way,  sufficiently  for  analytical 
purposes,  for  both  of  these  salts  are  more  soluble  than  the  corre¬ 
sponding  carbonates;  but  in  the  case  of  barium  sulfate  the 
situation  is  quite  different,  for  this  compound  is  much  less 
soluble  than  the  corresponding  carbonate. 

It  has  been  known  for  a  long  time  that  barium  sulfate  can  be 
decomposed  more  or  less  completely,  under  suitable  condi¬ 
tions,  by  aqueous  solutions  of  alkali  carbonates;  in  fact  this 
reaction  has  been  suggested  in  various  schemes  of  qualitative 
analysis  for  the  detection  of  sulfates.  The  reaction  has  been 
studied  by  a  number  of  investigators  at  different  times, 

1  Received  June  15,  1928.  Publication  approved  by  the  Director  of 
the  Bureau  of  Standards  of  the  U.  S.  Department  of  Commerce. 

2  Ind.  Eng.  Chem.,  20,  1234  (1928). 

3  By  A.  T.  McPherson,  of  the  Bureau  of  Standards. 


among  them  Dulong,4  Rose,5 
Guldberg  and  Waage,6  Mala- 
guti,7  and  Meyerhoffer. 8 
Several  of  them  state  that  un¬ 
der  certain  conditions  barium 
sulfate  can  be  decomposed 
“completely,”  in  this  way. 
The  required  conditions,  how¬ 
ever,  are  hardly  suitable  for 
the  purposes  of  modern  quan- 
titative  analysis.  Further¬ 
more,  since  there  are  some 
conflicting  statements  in  the 
literature  on  this  subject,  an 
investigation  was  undertaken 
to  determine  how  completely 
the  barium  sulfate  can  be  de¬ 
composed  by  aqueous  solu¬ 
tions  of  sodium  carbonate  un¬ 
der  conditions  which  would 
make  the  procedure  suitable 
for  ordinary  analytical  work, 
and  also  to  determine  the  necessary  conditions  for  this  con¬ 
version. 

Method 

The  method  of  procedure  was,  in  general,  to  decompose  a 
known  amount  of  sodium  sulfate  with  barium  chloride,  heat 
the  barium  sulfate  thus  obtained  with  varying  amounts  of 
sodium  carbonate  solution,  filter,  and  determine  the  amount 
of  sulfate  in  the  filtrate  by  the  usual  method  of  precipitating 
with  barium  chloride.  Since,  however,  the  writer  was  par¬ 
ticularly  interested  in  the  availability  of  the  procedure  in  con¬ 
nection  with  the  nitric-perchloric  acid  method  of  determining 
sulfur  in  rubber,  the  conditions  were  slightly  modified  in 
order  to  approach  more  nearly  those  that  would  be  encountered 
in  that  method.  It  is  believed  that  these  conditions  would 

4  Dulong,  Ann.  chim.  phys.,  [1]  82,  273  (1812). 

6  Rose,  Ann.  Physik  {Pogg.),  94,  481  (1855);  95,  96,  284  (1855). 

6  Cf.  Nernst,  “Lehrbuch  der  theoretischen  Chemie,”  2  Aufl.,  p.  409. 

7  Malaguti,  Ann.  chim.  phys.,  [3]  37,  198  (1853);  51,  328  (1857). 

5  Meyerhoffer,  Z.  physik.  Chem.,  53,  513  (1905). 


Edward  Wolesensky 

Bureau  of  Standards,  Washington,  D.  C. 

A  study  has  been  made  of  the  decomposition  of 
barium  sulfate  by  aqueous  solutions  of  sodium  car¬ 
bonate  with  the  view  of  the  possible  utilization  of  this 
reaction  in  quantitative  analysis  in  place  of  fusions, 
particularly  in  the  determination  of  sulfur  in  rubber 
compounds  in  conjunction  with  the  nitric-perchloric 
acid  method. 

It  has  been  found  that  barium  sulfate  can  be  de¬ 
composed  to  the  extent  of  over  99  per  cent  in  a  single 
operation,  by  boiling  for  1  hour  (or  2  hours  in  the  case 
of  barite)  with  a  strong  solution  containing  at  least 
fifteen  times  the  theoretical  amount  of  sodium  car¬ 
bonate. 

Although  this  degree  of  decomposition  is  not  so  high 
as  that  attained  by  the  fusion  method,  and  is  not  suffi¬ 
cient  for  the  requirements  of  the  most  exacting  quanti¬ 
tative  analysis,  it  is  considered  sufficient  for  many  pur¬ 
poses,  particularly  in  the  analysis  of  materials  con¬ 
taining  only  small  amounts  of  barium  sulfate,  besides 
offering  the  advantages  of  speed  and  simplicity  of 
operation. 
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not  materially  affect  the  principles  involved,  and  that  if  the 
procedure  were  available  for  the  purpose  mentioned  it  would 
also  be  applicable  in  other  cases. 

The  actual  procedure  in  most  cases  was  to  place  0.4to0.5gram 
of  pure  sodium  sulfate  into  a  Pyrex  Kjeldahl  flask  (of  about 
800  cc.  capacity),  add  an  equivalent  or  slightly  larger  amount 
of  barium  chloride  solution  containing  0.1  gram  BaCl2  per 
cubic  centimeter,  and  finally  3  cc.  of  60  per  cent  perchloric 
acid.  A  glass  bead  about  the  size  of  a  small  pea  was  also 
placed  in  the  flask  to  prevent  bumping.  The  flask  was  then 
placed  in  an  inclined  position  on  a  piece  of  asbestos  gauze  and 
heated  to  gentle  boiling  with  a  Bunsen  burner  until  the 
water  was  nearly  all  driven  off  and  perchloric  acid  fumes  be¬ 
gan  to  appear  in  the  flask. 

Since  dilute  solutions  of  perchloric  acid  lose  very  little  of 
the  acid  on  boiling  until  their  concentration  has  reached  60 
per  cent,  and  since,  in  the  present  work,  the  boiling  was 
stopped  when  the  fumes  of  perchloric  acid  first  appeared  in 
the  flask,  it  may  be  assumed  that  most  of  the  acid  originally 
used  was  still  present. 

To  prevent  this  acid  from  interacting  with  the  sodium 
carbonate  subsequently  added,  and  thus  materially  reducing 
the  proportion  of  this  reagent,  4.6  cc.  of  a  solution  of  sodium 
hydroxide  (0.238  gram  per  cubic  centimeter)  were  added, 
this ’being  equivalent  to  99  per  cent  of  the  perchloric  acid 
originally  taken.  The  sodium  carbonate  solution  was  then 
added  in  varying  amounts  and  concentrations,  and  heated 
for  different  periods  of  time,  either  on  a  steam  bath  or  to 
gentle  boiling  over  a  Bunsen  burner.  The  solution  was 
filtered  twice  (on  account  of  the  tendency  of  the  barium 
carbonate  to  “climb”  over  the  top  of  the  filter  paper),  the 
filtrate  acidified  with  hydrochloric  acid,  and  the  sulfate 
precipitated  with  barium  chloride  and  determined  in  the 
usual  manner. 

Meyerhoffer8  and  others  recommend  that  the  residue  of 
barium  carbonate  be  washed  first  with  a  solution  of  sodium 
carbonate  until  sulfates  are  completely  washed  out  and  finally 
with  water.  This  was  not  done  in  most  cases  in  the  present 
work;  instead,  the  solution  from  the  Kjeldahl  flask  was  first 
allowed  to  run  through  the  filter  completely  before  washing 
with  water  was  started.  This  procedure  was  adopted  for 
several  reasons.  In  the  first  place,  the  bulk  of  the  sodium 
sulfate  in  the  solution  would  have  been  removed  from  the 
presence  of  the  barium  carbonate  and  the  small  amount  re¬ 
maining  could  have  only  a  slight  effect  upon  the  barium 
carbonate  in  the  short  time  during  which  it  would  remain  in 
contact  with  it.  Secondljq  although  the  small  amount  of 
sodium  sulfate  would  theoretically  have  some  action  on  the 
residue,  there  would  also  be  some  sodium  carbonate  present 
in  the  same  ratio  as  in  the  original  solution;  and  although 
the  effect  of  this  carbonate  in  the  more  dilute  solution  would 
be  much  weakened,  it  would  undoubtedly  prevent  the  sodium 
sulfate  from  exerting  its  full  influence,  particularly  since  the 
sulfate  would  also  be  diluted  in  the  same  proportion  as  the 
carbonate.  Finally,  it  was  desired  to  know  the  efficiency  of 
this  method  of  extracting  sulfur  from  barium  sulfate  under 
the  least  favorable  conditions. 

Experimental  Procedure 

Preliminary  Experiments — -In  a  series  of  preliminary 
experiments  varying  quantities  of  a  2  A  or  4  N  solution  of 
sodium  carbonate  (0.106  or  0.212  gram  per  cc.)  were  added  to 
the  barium  (sulfate)  in  the  Kjeldahl  flasks  and  the  mixture 
was  heated  to  gentle  boiling  for  0.5  or  1  hour,  as  indicated. 
(Table  I)  The  carbonate  solution  was  diluted  somewhat  in 
each  case  by  the  solution  already  in  the  flask,  but  during  the 
boiling  it  gradually  became  concentrated  so  that  it  was  neces¬ 
sary  sometimes  to  add  some  water  before  the  end  of  the  heat¬ 


ing  in  order  to  prevent  bumping.  This  might  have  been 
avoided  and  the  concentration  of  the  solution  kept  nearly  con¬ 
stant  by  attaching  a  condenser  to  the  flask,  but  it  was  con¬ 
sidered  preferable  to  carry  out  the  boiling  as  it  would  most 
likely  be  done  in  routine  analytical  work. 

The  results  are  given  in  Table  I. 


Table  I 


Equiva¬ 

Time 

Na2S04 

lents  op 

Na2COj 

op 

BaSOi 

Taken 

Na2COa 

CONCN. 

Heating 

Obtained" 

Na2SOt 

Found" 

Gram 

Hour 

Gram 

Gram 

Per  cent 

0.4067 

4.9 

2  N 

0.5 

0.4445 

0.2705 

66.5 

0.3996 

7.8 

2  N 

0.5 

0.6095 

0.3709 

92.8 

0.4085 

12.0 

2  N 

0.5 

0.6561 

0.3992 

97.7 

0.4026 

15.5 

2  N 

0.5 

0.6564 

0.3994 

99.2 

0.4061 

6.0 

4  N 

1.0 

0.6139 

0.3736 

92.0 

0.4098 

9.0 

4  N 

1.0 

0.6636 

0.4037 

98.5 

0.4170 

11.6 

4  N 

1.0 

0.6718 

0.4088 

98.2 

0.4034 

14.8 

4  N 

1.0 

0.6602 

0.4018 

99.6 

0.4266 

16.7 

4  N 

1.0 

0.6984 

0.4250 

99.6 

0.4400 

19.4 

4  N 

1.0 

0.7204 

0 . 4384 

99.6 

0.4832 

23.5 

4  N 

1.0 

0.7903 

0.4809 

99.5 

0.4878 

29.1 

4  N 

1.0 

0.8015 

0.4877 

100.0 

“  Not  corrected  for  occlusions. 


In  no  case,  even  in  the  last  experiment,  was  the  residue 
of  barium  carbonate  which  was  filtered  off  from  the  solution 
completely  soluble  in  hydrochloric  acid.  On  the  other  hand, 
the  results  given  have  not  been  corrected  for  occlusions  of 
other  salts  by  the  barium  sulfate,  and  thus  two  errors  balance 
each  other  to  a  certain  extent. 

When  the  sodium  carbonate  solution  and  barium  sulfate 
were  heated  together  on  a  steam  bath  instead  of  over  a 
Bunsen  burner,  results  similar  to  the  above  were  obtained, 
but  approximately  twice  as  much  time  was  required  for  the 
same  degree  of  conversion. 

Modified  Procedure — In  the  next  series  of  experiments 
the  procedure  was  slightly  modified.  Instead  of  neutraliz¬ 
ing  the  perchloric  acid  with  sodium  hydroxide,  as  had  been 
done  in  previous  experiments,  the  acid  was  first  diluted  with 
20  cc.  of  water,  then  7.5  grams  of  powdered  sodium  carbonate 
were  added,  and  finally  the  neck  of  the  flask  was  rinsed  down 
with  an  additional  portion  of  10  cc.  of  water.  This  amount 
of  carbonate  was  sufficient  to  neutralize  the  perchloric  acid 
(3  cc.  of  60  per  cent  solution)  even  if  none  of  it  had  been  ex¬ 
pelled,  and  still  leave  6  grams  of  the  carbonate  to  react  with 
the  barium  sulfate.  Furthermore,  since  the  amounts  of 
sodium  sulfate  originally  taken  in  this  series  of  experiments 
were  very  close  to  0.4  gram  in  each  case,  the  amount  of  sodium 
carbonate  left  after  neutralizing  the  perchloric  acid  was  at 
least  20  times  that  theoretically  required  to  decompose  the 
barium  sulfate.  The  heating  was  continued  for  2  hours  after 
the  addition  of  sodium  carbonate.  In  the  first  three  experi¬ 
ments,  after  the  barium  carbonate  was  filtered  off,  it  was 
washed  first  with  20  cc.  of  4  A  sodium  carbonate,  then  with 
20  cc.  of  a  normal  solution  of  the  same  salt,  and  finally  with 
water;  whereas  in  the  last  two  experiments  the  filter  was 
washed  with  water  only.  The  results  are  given  in  Table  II. 

Table  II 


Expt. 

NaaSOj 

Taken 

BaSO-i 

Obtained" 

NajSOj  Found" 

Gram 

Gram 

Gram 

Per  cent 

1 

0.4008 

0.6556 

U.  3990 

99.5 

2 

0.4005 

0 . 6554 

0.3988 

99.6 

3 

0.4048 

0.6624 

0.4032 

99.6 

4 

0.3986 

0.6510 

0.3962 

99.4 

5 

0.3984 

0.6525 

0.3970 

99.6 

a  Not  corrected  for  occlusions. 

The  barium  carbonate  remaining  on  the  filter  was  then 
treated  with  dilute  hydrochloric  acid  and  the  insoluble  resi¬ 
due  filtered  off,  washed,  ignited,  and  weighed.  The  sulfate 
in  the  residue  was  then  determined  by  fusion  with  sodium 
carbonate  (1  gram)  in  the  usual  manner. 

The  weight  of  the  insoluble  residue  from  the  barium  car¬ 
bonate  and  the  weight  of  the  barium  sulfate  obtained  from 
the  residue  after  fusion  with  sodium  carbonate  are  shown  in 
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Table  III.  The  first  column  gives  the  number  of  the  experi¬ 
ment  corresponding  with  the  number  given  in  Table  II,  and 
the  last  column  gives  the  proportion  of  barium  sulfate 
(recovered  from  the  residue  after  fusion)  as  percentage  of 
the  total,  original  barium  sulfate  obtained  from  the  sodium 


sulfate. 

Table  III 

Residue 

BaSOa 

Proportion 

from 

FROM 

of  Original 

Expt. 

BaCOa 

Residue 

BaSO« 

Gram 

Gram 

Per  cent 

1 

0.0051 

0.0047 

0.71 

2 

0.0047 

0.0040 

0.61 

3 

0.0048 

0.0042 

0.63 

4 

0.0050 

0 . 0045 

0.69 

5 

0.0053 

0.0046 

0.70 

The  results  given  in  the  last  two  tables,  as  compared  with 
the  preceding,  show  that  nothing  is  to  be  gained  by  in¬ 
creasing  the  proportion  of  the  sodium  carbonate  beyond 
fifteen  times  the  theoretical,  or  by  heating  beyond  1  hour. 
While  it  is  probable  that  equilibrium  has  not  yet  been  reached, 
the  reaction  at  this  point  is  so  slow  that  it  is  not  practicable 
to  attempt  to  force  it  further.  It  would  also  appear  that  the 
importance  of  first  washing  the  barium  carbonate  (after 
filtering)  with  sodium  carbonate,  in  order  to  remove  all  soluble 
sulfates,  has  been  overestimated,  and  that  no  appreciable 
error  will  be  introduced  by  washing  immediately  with  water. 
This  will  be  especially  true  if  the  original  solution  is  allowed 
to  run  completely  through  the  filter  before  washing  is  started. 


Table  IV 


Barite  Taken 
Gram 


BaSOa  Precipitated  ° 
Gram  Per  cent 


0.5005 

0.4986 

0.5005 

0.5002 


0.4980 

99.5 

0.4971 

99.7 

0.4985 

99.6 

0.4977 

99.5 

°  Not  corrected  for  occlusions. 


Experiments  with  Barite — Barite,  the  natural  barium 
sulfate,  will  give  very  much  the  same  kind  of  results  as  the 
above,  although  it  requires  longer  heating  with  the  sodium 
carbonate  solution  because  it  is  usually  less  finely  divided  and 
hence  presents  a  relatively  smaller  surface  than  the  arti¬ 
ficially  precipitated  material.  Half-gram  samples  of  native 
barite,  ground  to  200  mesh,  were  boiled  with  about  25  cc.  of 
water  and  3  cc.  of  perchloric  acid  as  in  previous  experiments, 
then  again  treated  with  25  cc.  of  water  and  6  grams  of  sodium 


carbonate  and  boiled  for  2  hours,  after  which  the  resulting 
solutions  were  filtered,  acidified,  and  precipitated  with  barium 
chloride.  The  results  are  given  in  Table  IV. 

When  the  barite  was  boiled  with  the  sodium  carbonate 
solution  for  only  1  hour,  the  proportion  of  precipitated  barium 
sulfate  averaged  only  about  98.5  per  cent  of  the  original  ba¬ 
rite.  The  same  barite  when  decomposed  with  fused  sodium 
carbonate  gave  an  average  of  99.93  per  cent  of  barium  sulfate 
precipitate. 


Conclusions 

It  is  obvious  that  the  removal  of  sulfur  from  barium  sulfate 
by  digestion  with  hot  solutions  of  sodium  carbonate  does  not 
yield  such  good  results  for  analytical  purposes  as  does  the 
fusion  method.  Nevertheless,  because  of  its  simplicity  and 
speed,  especially  when  combined  with  a  method  like  the 
nitric-perchloric  acid  method  of  determining  sulfur  in  rubber, 
this  procedure  may  find  some  usefulness  where  extreme  ac¬ 
curacy  is  not  so  important  as  speed;  and  if  only  a  small  pro¬ 
portion  of  barium  sulfate  is  present — 15  per  cent  or  less — it 
may  yield  results  well  within  the  limits  of  experimental  error. 

To  adapt  this  method  of  decomposing  barium  sulfate  to 
the  determination  of  total  sulfur  in  rubber  by  the  nitric-per¬ 
chloric  acid  method,2  the  procedure  would  be  as  follows: 
Aftei  dissolving  the  rubber  sample  in  the  mixture  of  nitric 
and  perchloric  acids  and  boiling  until  fumes  of  perchloric 
acid  appear,  allow  the  solution  to  cool  somewhat,  add  about 
25  cc.  of  water,  then  5  grams  of  sodium  carbonate,  and  boil 
gently  for  1  hour  (or  for  2  hours  if  native  barite  is  present  or 
suspected),  adding  more  water  from  time  to  time  if  necessary 
to  prevent  bumping.  The  solution  is  then  filtered,  acidified, 
and  treated  with  barium  chloride  in  the  same  manner  as  in 
the  fusion  method. 

The  amount  of  sodium  carbonate  recommended  above 
(5  grama)  is  sufficient  to  neutralize  3  cc.  of  60  per  cent  per¬ 
chloric  acid  and  still  leave  fifteen  times  the  amount  of  sodium 
carbonate  theoretically  required  to  decompose  0.5  gram  of 
barium  sulfate — that  is,  enough  for  a  1-gram  sample  of  a 
rubber  compound  containing  50  per  cent  of  barium  sulfate. 

While  this  reaction  was  studied  especially  with  a  view  of  its 
utilization  in  the  analysis  of  rubber,  it  may,  of  course,  find 
applications  elsewhere. 


Determination  of  Moisture  in  Sugar  Sirups1 

E.  W.  Rice 

National  Sugar  Refinery,  Yonkers,  N.  Y. 


IT  HAS  long  been  apparent  to  the  author  that  a  definition 
of  “moisture”  as  applied  to  low-grade  sugar  sirups  can 
be  merely  an  arbitrary  one  based  upon  certain  definite 
conditions.  This  cannot  indicate  true  moisture,  since  desic¬ 
cation  at  room  temperature  will  remove  water  of  crystalliza¬ 
tion  from  some  but  not  from  all  substances  that  are  likely 
to  be  present  in  final  sirups.  Aside  from  water  of  crystalliza¬ 
tion  there  are  substances  present  which  undergo  continual 
decomposition  at  a  temperature  as  low  as  70°  C.  Samples 
run  by  the  vacuum  oven  sand  method  at  70°  C.  of  the  Asso¬ 
ciation  of  Official  Agricultural  Chemists2  have  shown  a  con¬ 
tinuous  loss  in  weight  of  an  average  of  0.5  mg.  per  hour  for 
various  lengths  of  time  from  20  to  50  hours.  That  this  is 

1  Presented  before  the  Division  of  Sugar  Chemistry  at  the  76th  Meet¬ 
ing  of  the  American  Chemical  Society,  Swampscott,  Mass.,  September  10 
to  14,  1928. 

*  Assocn.  Official  Agr.  Chem.,  Methods,  1925,  p.  178. 


decomposition  seems  to  be  assured  by  the  fact  that  samples 
of  the  same  sirups  prepared  in  the  same  manner  reached 
a  constant  weight  in  48  hours  in  a  Hempel  desiccator  with 
sulfuric  acid,  at  a  pressure  reduced  to  about  1  inch  (2.5  cm.) 
and  no  further  loss  in  weight  was  found  after  10  days.  This 
indicates  that  decomposition  commences  very  soon  in  any 
method  where  heat  is  applied  at  70°  C.  or  higher. 

Since  the  important  thing  is  to  adopt  some  standard 
method  and  call  the  result  “moisture,”  it  is  undoubtedly 
wise  to  accept  the  method  mentioned  above.  This  does  not 
preclude  an  attempt  to  arrive  at  the  same  results  by  some 
quicker  and  easier  method,  and  where  many  tests  are  made 
it  is  almost  imperative  that  some  simplification  be  introduced. 
It  was  found  that  with  the  type  of  sirups  made  at  one  plant 
by  heating  in  a  water  oven  near  100°  C.  the  working  time 
could  be  cut  in  half  and  the  same  results  obtained  as  by  the 
official  method. 
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The  use  of  nearly  60  grams  of  combined  dish,  sand,  and  rod 
and  the  many  weighings  necessary  to  determine  moisture  in 
1  gram  of  sirup  make  a  cumbersome  task  and  it  was  with 
great  pleasure  that  the  author  welcomed  the  method  of  Bid- 
well  and  Sterling.3 

As  soon  as  apparatus  could  be  made  the  method  was  tried 
out,  but  with  only  partial  success  because  the  same  continu¬ 
ous  decomposition  was  encountered  and  no  definite  end 
point  was  found.  Several  tests  showed  that  by  using  iden¬ 
tical  conditions  and  a  definite  time  interval  concordant  re¬ 
sults  were  possible  on  sirups  of  moderate  or  low  invert  sugar 
content,  but  with  invert  sugar  of  25  per  cent  or  over  the  re¬ 
sults  were  unreliable  and  the  residue  in  the  flask  after  dis¬ 
tillation  was  seriously  blackened.  At  about  this  stage  an 
oil  bath  was  substituted  for  a  sand  bath  with  improved  re¬ 
sults,  but  the  method  was  considered  as  limited  to  black¬ 
straps  and  sirups  of  low  invert  sugar  content. 

With  the  thought  in  mind  to  precipitate  any  calcium 
present  as  chloride  and  that  some  molecular  rearrangement 
might  cause  a  more  ready  release  of  water  present,  a  dis¬ 
tillation  determination  was  tried  with  2  grams  of  powdered 
sodium  oxalate  added  to  15  grams  of  sirup.  The  result  was 
a  quicker  distillation  and  less  blackening  of  the  residue. 
Another  test  with  10  grams  of  sodium  oxalate  gave  results 
that  were  even  better.  Inasmuch  as  blackstrap  has  a  con¬ 
siderable  quantity  of  suspended  particles  and  sodium  oxalate 
is  only  sparingly  soluble,  the  question  arose  as  to  whether  the 
improved  results  wTere  due  to  the  chemical  or  physical  effect 
of  the  sodium  oxalate.  To  determine  if  finely  divided  ma¬ 
terial  would  assist  in  the  distillation,  10  grams  of  Filter-Cel 
were  added.  The  result  wras  rapid  evolution  of  the  water, 

*  Sterling,  Ind.  Eng.  Chem.,  17,  147  (1925). 


and  after  4  hours’  heating  the  residue  showed  no  indication 
whatever  of  blackening  or  decomposition.  While  a  small 
amount  of  water  continued  to  distil  over,  the  major  part 
wras  over  in  1  hour  and  the  slight  additional  amount  at  the 
end  of  3  hours  made  the  total  in  close  agreement  with  the 
percentage  as  indicated  by  the  official  method.  As  an  indi¬ 
cation  of  the  effect  of  the  Filter-Cel  it  was  noted  that  the 
same  rate  of  distillation  of  the  toluene  could  be  maintained 
with  the  oil  bath  at  127°  C.  as  at  143°  C.  without  Filter-Cel. 

The  advantages  of  the  distillation  method  as  set  forth  by 
Bidwell  and  Sterling  were  found  to  be  true,  especially  the 
advantage  of  a  15-gram  sample  and  a  single  weighing.  The 
total  time  consumed  is  at  most  4  hours,  during  which  the 
operator  is  occupied  but  a  few  minutes  at  the  start. 

The  most  satisfactory  manipulation  is  to  put  half  of  a 
roughly  weighed  10-gram  portion  of  dried  Filter-Cel  into  a 
flask  and  then  weigh  off  15  grams  of  sirup  into  a  capsule 
formed  from  a  piece  of  thin  waxed  paper  resting  in  a  15-cc. 
Gooch  crucible.  After  weighing,  the  paper  may  be  lifted 
out  of  the  crucible  and  sirup  and  all  dropped  into  the  flask, 
after  which  the  second  half  of  the  Filter-Cel  is  added  and 
the  distillation  carried  out  as  described  by  Bidwell  and 
Sterling. 

Comparison  of  Distillation  Method  with  Official  Method  for 
Determination  of  Moisture  in  Sugar  Sirups 


3  Hours’ 

V  ACUUM 

Sample 

Bath 

Filter-Cel 

Distillation 

Oven 

Invert 

Grams 

Per  cent 

Per  cent 

Per  cent 

A 

Sand 

None 

23.59 

Oil 

10 

21.66 

21.52 

24.07 

B 

Sand 

None 

25.82 

Oil 

None 

23.23 

Oil 

10 

21.24 

21.12 

26.09 

C 

Oil 

10 

123.29 

1  23.43 

23.28 

22.31 

D 

Oil 

8 

21.17 

21.47 

24.40 

Evaluation  of  Stibnite1 

I — Determination  of  Sulfur 

Wallace  M.  McNabb  and  E.  C.  Wagner 

University  of  Pennsylvania,  Philadelphia,  Pa. 


METHODS  for  the  analysis  of  stibnite  intended  for 
use  in  primers  were  described  in  1918  by  Cushman,2 
and  were  incorporated  into  the  specifications  of  the 
United  States  Ordnance  Department.3  In  the  recommended 
method  for  sulfur  this  element  is  oxidized  by  action  of  bro¬ 
mine  and  glacial  acetic  acid,  and  after  suitable  further  treat¬ 
ment,  including  removal  of  antimony  by  use  of  aluminum 
powder,  it  is  precipitated  and  weighed  as  barium  sulfate. 
This  procedure,  Cushman  states,  was  adopted  at  the  Frank- 
ford  Arsenal  “as  giving  fairly  quick  and  accurate  results.” 
Elsewhere  in  the  same  article  occurs  the  declaration:  “All 
other  methods  for  the  determination  of  sulfur  have  been  re¬ 
jected  as  leading  to  inconsistent  results.”  This  condemna¬ 
tion  specifically  includes  fusion  methods,  evolution  methods, 
.and  electrolytic  methods,  and  is  offered  without  supporting 
data. 

Work  on  the  analysis  of  stibnite  in  1917  showed  the  ap¬ 
plicability  of  the  evolution  method,  the  sulfur  being  disen¬ 
gaged  as  hydrogen  sulfide,  absorbed  in  ammoniacal  cadmium 
solution,  and  determined  iodometrically  by  an  adaptation 
.of  the  familiar  procedure.  There  was  noticed  a  constant 

1  Received  July  11,  1928. 

*  Cushman,  J.  Ind.  Eng.  Chem.,  10,  376  (1918). 

HI.  S.  Army  Ordnance  Dept.,  Spec.  50-11-14  (July  24, 1923). 


tendency  for  the  evolution  method  to  yield  results  for  sulfur 
slightly  lower  than  those  obtained  by  bromine  oxidation. 

Table  I — Comparison  of  Sulfur  Determinations  by  Evolution  and 
Bromine  Oxidation  Methods 
Evolution  Method  Bromine  Oxidation 


% 

% 

21. 

.  14 

21.38 

21 

.15 

21.25 

21 

.14 

21.40 

21 

.10 

Av. 

21. 

13 

Av. 

21.34 

21. 

.72 

21.77 

21. 

.72 

21.78 

21. 

.70 

21. 

.76 

21. 

.73 

Av. 

21. 

.73 

Av. 

21.78 

The  differences  of  0.21  and  0.05  per  cent  appeared  to  be 
significant,  and  not  accidental.  As  the  bromine  oxidation  is 
clearly  a  method  for  total  sulfur,  and  as  the  evolution  method 
can  determine  only  sulfide  (and  oxysulfide)  sulfur,  it  was 
suspected  that  the  variations  might  be  due  to  the  presence 
of  free  sulfur  in  the  stibnite.  To  test  the  two  methods  with 
respect  to  their  ability  to  indicate  a  distinction  between  total 
sulfur  and  sulfide  sulfur,  a  specimen  of  artificial  black  anti¬ 
mony  sulfide  was  analyzed  for  sulfur  by  both  methods,  and  a 
10-gram  sample  was  extracted  with  carbon  tetrachloride  and 
the  free  sulfur  weighed. 
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The  differences  between  results  by  the  two  methods  average 
0.65  per  cent,  which  is  very  nearly  the  amount  of  free  sulfur 

found. 

That  the  bromine-acetic  acid  method  yields  results  for  the 
total  sulfur  of  stibnite  was  shown  further  by  trials  using  this 
procedure  in  comparison  with  the  carbonate  fusion  method 
of  Fresenius.4  The  results  for  the  first  specimen  of  stibnite 
mentioned  above  were  21.38  and  21.31  per  cent  of  sulfur 
whose  21.35  per  cent  mean  is  in  excellent  agreement  with  the 
21.34  per  cent  found  by  bromine  oxidation.  The  method  of 
Fresenius,  though  found  to  be  applicable  (it  is  among  those 
rejected  by  Cushman),  is  fully  as  inconvenient  as  the  “official” 
method,  and  its  results  have  the  same  significance. 

Table  II — Comparison  of  Results  by  Two  Methods  on  Sample  Known 
to  Contain  Free  Sulfur 


Bromine  Oxidation 

Evolution  Method 

CCh  Extraction 

Sulfur 

Sulfur 

Free  Sulfur 

% 

% 

% 

26.16 

25.48 

0.70 

26.17 

25.53 

0.74 

25.53 

25.62 

25.45 

Av.  26.17 

Av.  25.52 

Av.  0.72 

Recently  there  have  been  investigated  the  actual  presence 
of  free  sulfur  in  the  Chinese  stibnite  used  in  primers,  its  in¬ 
fluence  upon  the  determination  of  sulfur  by  bromine  oxida¬ 
tion,  and  also  the  amount  of  the  error  introduced  by  the  small 
quantity  of  sulfate  sulfur  usually  present.  The  evolution 
method  was  subjected  to  critical  trial  and  improvement,  as 
reported  below.  The  determination  of  antimony  will  be 
considered  in  a  later  paper. 

The  occurrence  of  free  sulfur  in  stibnite,  though  not  men¬ 
tioned  by  Cushman,  appears  upon  inquiry  to  be  fairly  com¬ 
mon.  Specimens  of  stibnite  have  been  described6  with  free 
sulfur  present,  sometimes  in  well-formed  crystals.  The 
specimens  of  primer  stibnite  used  in  the  present  study  all 
contained  sulfur  extractable  by  carbon  tetrachloride. 

Below  are  described  the  methods  employed,  and  the  results 
obtained,  in  the  examination  of  four  lots  of  stibnite  for  sulfur 
by  bromine  oxidation  and  by  evolution,  for  free  sulfur  by 
extraction  with  carbon  tetrachloride,  and  for  sulfate  sulfur. 

Determination  of  Free  Sulfur 

Transfer  10  grams  of  powdered  stibnite  to  an  extraction 
thimble,  and  extract  with  purified  carbon  tetrachloride  in  a 
Soxhlet  apparatus.  After  6  to  8  hours  evaporate  the  sol¬ 
vent  and  weigh  any  residue  of  sulfur. 

In  trials  of  this  method  the  extractions  were  continued  dur¬ 
ing  a  further  interval,  but  no  increase  in  the  weight  of  the 
extraction  flask  occurred.  The  carbon  tetrachloride  was 
shown  by  blank  tests  to  be  quite  free  from  non-volatile 
matter.  Four  specimens  of  stibnite  thus  examined  yielded 
0.077,  0.09,  0.107,  and  0.065  per  cent  of  free  sulfur.  The 
extracted  material  was  in  one  case  identified  by  oxidation  with 
bromine  in  carbon  tetrachloride  and  precipitation  as  barium 
sulfate,  0.060  per  cent  of  the  0.065  per  cent  originally  weighed 
being  recovered  in  this  form. 

Determination  of  Sulfate  Sulfur 

Boil  10  grams  of  the  powdered  stibnite  for  several  minutes 
with  100  ml.  of  distilled  water,  and  filter.  Acidify  the  filtrate 
with  hydrochloric  acid,  add  barium  chloride  solution,  and 
after  about  6  hours  filter  the  precipitate  on  paper  and  deter¬ 
mine  as  usual. 

The  four  stibnites  examined  yielded  the  following  results 
for  sulfate  sulfur:  0.011,  0.012,  0.010,  and  0.012  per  cent. 

4  Treadwell-Hall,  "Analytical  Chemistry,”  6th  ed.,  Vol.  II,  p.  316. 

*  Foshag,  U.  S.  Geol.  Survey,  Bull.  795-B,  p.  116;  Eakle,  Z.  Kryst. 
Mineral.,  24,  587  (1895). 


Determination  of  Sulfur  by  Bromine-Acetic  Acid  Method 

The  directions  given  by  Cushman2  were  used  unaltered. 
This  analysis,  if  started  late  in  the  afternoon  and  the  oxida¬ 
tion  allowed  to  proceed  overnight,  can  scarcely  be  com¬ 
pleted  before  late  the  following  afternoon.  The  results  (for 
total  sulfur)  are  concordant,  and  appear  to  be  good,  though 
some  question  might  be  raised  as  to  possible  interference  of 
the  added  aluminum  with  the  precipitation  of  barium  sulfate.6 

Determination  of  Sulfur  by  Evolution  Method’ 

The  sample  of  stibnite  is  decomposed  by  hot  concentrated 
hydrochloric  acid  in  an  evolution  flask,  whereby  sulfur  present 
as  sulfide  and  oxysulfide  is  given  off  as  hydrogen  sulfide,  while 
any  free  sulfur  is  unaffected.  The  hydrogen  sulfide  is  boiled 
out,  and  with  the  aid  of  a  stream  of  carbon  dioxide  (or  hydro¬ 
gen)  is  conveyed  into  a  receiver  containing  ammoniacal  cad¬ 
mium  solution.  The  precipitate  of  cadmium  sulfide  is  filtered 
off,  washed,  and  decomposed  by  hydrochloric  acid  in  contact 
with  a  measured  excess  of  standard  iodine  solution,  of  which 
the  excess  is  finally  titrated  with  standard  thiosulfate  solution. 

The  acid  liquid  in  the  evolution  flask  contains  the  antimony 
as  trichloride,  and  may  be  used  for  the  iodometric  determina¬ 
tion  of  the  metal. 

Apparatus — The  evolution  apparatus  recommended  for 
analysis  of  strong  oxidizing  agents  by  Bunsen’s  method8  may 
be  used,  as  could  also,  no  doubt,  that  designed  and  described 
by  Scott.9  The  simpler  arrangement  shown  in  the  sketch 
is  fully  as  satisfactory,  and  may  be  assembled  from  ordinary 
laboratory  apparatus. 


Separatory  funnel  A  contains  concentrated  hydrochloric 
acid.  Flask  B  is  charged  with  lumps  of  calcite  covered  with 
water.  Drechsel  bottle  C  contains  a  strong  solution  of  pyro- 
gallol  and  sodium  bicarbonate,  and  D  contains  water.  The 
small  separatory  funnel  E  is  at  first  empty.  The  decomposi¬ 
tion  flask  F  is  a  250-ml.  Erlenmeyer  flask;  G  is  a  bulbed  tube 
which  serves  as  a  partial  condenser,  to  reduce  the  danger  that 
antimony  chloride  may  distil  over.  Receiver  H  is  a  250-ml. 
Erlenmeyer  flask,  charged  with  ammoniacal  cadmium  solu¬ 
tion.  It  is  surrounded  by  cold  water  contained  in  beaker  I. 
A  second  receiver  was  present  in  most  of  the  experimental 
trials,  but  was  shown  to  be  unnecessary.  The  stopper  of 
the  flask  F  is  of  rubber. 

The  stream  of  carbon  dioxide  may  be  replaced  by  one  of 
hydrogen,  generated  from  zinc  and  hydrochloric  or  sulfuric 
acid.  In  this  case  washing  bottle  C  must  be  charged  with 
alkaline  lead  solution. 

*  Treadwell-Hall,  op.  cit.,  p.  403. 

7  Cf.  Scott,  "Standard  Methods  of  Chemical  Analysis,”  Vol.  1,  p.  500 
(1922). 

8  Wagner,  Ind.  Eng.  Chem.,  16,  616  (1924). 

9  Scott,  op.  cit.,  p.  501. 
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There  is  required  also  a  suction  filter  provided  with  a  sup¬ 
porting  cone. 

Solutions — Sodium  Thiosulfate.  A  solution  of  about  0.12 
N  strength  is  most  convenient.  This  solution  is  accurately 
and  easily  standardized  as  follows,  using  potassium  iodate  as 
primary  standard:10 

Weigh  out  accurately  0.8918  gram  of  pure  dry  potassium 
iodate.  The  best  c.  p.  grade  is  satisfactory,  but  is  slightly 
improved  by  recrystallization  from  water.  Dissolve  the 
iodate  in  water,  transfer  to  an  accurate  250-ml.  volumetric 
flask,  and  dilute  to  the  mark  at  20°  C.  As  required,  with¬ 
draw  measured  portions  of  this  exactly  decinormal  solution 
by  means  of  a  25-ml.  pipet  calibrated  against  the  flask. 
Transfer  to  a  250-ml.  Erlenmeyer  flask  2.5  grams  of  iodate- 
free  potassium  iodide,  dissolve  in  25  ml.  of  water,  and  add 
5  ml.  of  6  N  hydrochloric  acid.  As  promptly  as  possible  intro¬ 
duce  from  a  pipet  25  ml.  of  the  decinormal  iodate  solution 
and  at  once  dilute  the  solution  to  150  ml.  Titrate  the  liber¬ 
ated  iodine  with  the  thiosulfate  solution,  using  as  indicator 
5  ml.  of  0.5  per  cent  solution  of  soluble  starch.  Conduct  a 
blank  titration  in  the  same  way,  not  omitting  a  like  exposure 
of  the  acidified  potassium  iodide  solution  to  the  air  before 
dilution.  The  blank  titration  is  usually  zero  (no  color  with 
starch),  but  it  should  always  be  made. 

Iodine.  A  solution  of  about  0.11  A  strength  is  most  con¬ 
venient — 14  grams  of  iodine  and  40  grams  of  iodate-free 
potassium  iodide  per  liter.11  This  solution  is  standardized 
against  the  thiosulfate  under  the  conditions  of  the  analysis, 
as  described  later. 

Ammoniacal  Cadmium  Solution.  Dissolve  in  500  ml.  of 
water  63  grams  of  cadmium  chloride  or  74  grams  of  the  sul¬ 
fate,  add  1250  ml.  of  strong  ammonia  water  (sp.  gr.  0.90), 
and  dilute  to  2500  ml.  Of  this  solution  50  ml.  suffice  for 
0.184  gram  of  sulfur. 

Procedure — Use  for  the  analysis  material  which  has  been 
ground  and  passed  through  a  100-mesh  sieve. 

Weigh  out  0.2  to0.25  gram  of  the  stibnite,and  transfer  to  the 
flask  F  of  the  apparatus.  Charge  the  receiver  H  with  100 
ml.  of  ammoniacal  cadmium  solution  and  50  ml.  of  water. 
Pass  through  the  apparatus  a  stream  of  carbon  dioxide  (or 
hydrogen)  until  removal  of  air  is  assured;  this  requires  about 
5  minutes.  Introduce  30  ml.  of  concentrated  hydrochloric 
acid  into  the  addition  funnel  E,  and  allow  it  to  enter  the  flask. 
With  the  current  of  gas  passing  steadily,  heat  to  very  gentle 
boiling  the  acid  in  the  decomposition  flask,  and  continue  the 
gentle  boiling  until  the  sample  is  decomposed;  this  requires 
10  to  15  minutes.  When  decomposition  is  complete,  re¬ 
move  the  flame,  and  continue  the  passage  of  carbon  dioxide 
for  about  20  minutes  longer. 

The  receiver  now  contains  all  the  sulfide  sulfur  of  the  sample 
in  the  form  of  cadmium  sulfide.  The  liquid  in  the  decomposi¬ 
tion  flask  contains  the  antimony  as  trichloride,  and  may  be 
used  for  the  determination  of  this  metal. 

Disconnect  receiver  H.  remove  the  stopper  and  inlet  tube, 
and  wash  the  latter  free  from  any  adhering  precipitate. 
Allow  the  cadmium  sulfide  to  settle,  and  decant  the  liquid 
through  a  suction  filter  supported  by  a  cone.  The  filter 
paper  should  be  of  good  quality  (not  affected  by  dilute  iodine 
solution);  Munktell  No.  00,  of  90  mm.  diameter,  was  used 
and  is  satisfactory.  Wash  the  cadmium  sulfide  several  times 
with  water  by  decantation,  and  then  transfer  the  precipitate 
to  the  filter.  Wash  further  several  times  with  water,  applied 
in  a  strong  stream  so  as  to  churn  up  the  precipitate  thoroughly 
each  time.  Finally  apply  suction  strongly,  so  that  the 
precipitate  becomes  densely  caked  on  the  paper.  Open  the 
filter,  and  tear  off  and  discard  the  portions  which  are  entirely 
free  from  cadmium  sulfide. 

10  Cf.  Treadwell-Hall,  op.  cit.,  p.  553. 

11  Chapin,  J.  Am.  Chem.  Soc.,  41,  357  (1919). 
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Place  the  filter  and  precipitate  in  a  600-ml.  beaker,  and 
cover  with  200  ml.  of  water.  Add  from  a  pipet  50  ml.  of 
standard  iodine  solution,  and  introduce  gradually  and  with 
stirring  40  ml.  of  concentrated  hydrochloric  acid.  Break 
up  lumps  of  precipitate  and  continue  gentle  stirring  until  no 
undecomposed  flocks  of  sulfide  are  visible  when  the  liquid  is 
allowed  to  come  to  rest  and  the  beaker  viewed  from  beneath. 
The  liquid  is  now  turbid  due  to  separated  sulfur,  and  must  be 
decidedly  brown  or  yellow  due  to  excess  iodine.  Titrate  the 
iodine  with  standard  thiosulfate  solution,  adding  5  ml.  of 
0.5  per  cent  starch  indicator  when  the  yellow  color  becomes 
faint.  The  end  point  is  the  disappearance  of  the  last  tinge 
of  blue-gray  color. 

Standardization  of  Iodine  Solution — Transfer  to  a  600- 
ml.  beaker  200  ml.  of  water  and  half  of  a  filter  paper.  With 
the  pipet  used  before  introduce  50  ml.  of  standard  iodine 
solution,  and  then  add  gradually  40  ml.  of  concentrated  hydro¬ 
chloric  acid.  Allow  to  stand,  with  stirring,  for  the  same  time 
required  to  decompose  the  cadmium  sulfide  in  the  analysis, 
and  titrate  with  standard  thiosulfate. 

Comments— (1)  A  complete  blank  analysis  is  an  excellent 
precaution  against  error  caused  by  impure  reagents.  One  series 
of  trials  yielded  persistently  high  results,  which  by  an  over-all 
blank  were  finally  shown  to  be  due  to  hydrogen  sulfide  present 
in  the  hydrochloric  acid. 

(2)  The  treatment  of  the  cadmium  sulfide  precipitate  on  the 
filter,  as  prescribed  above,  appears  to  be  necessary.  Failure  to 
bring  the  precipitate  to  a  dense  and  caked  condition  by  final 
application  of  strong  suction  was  associated  with  variable  but 
high  results,  the  error  amounting  occasionally  to  0.8  per  cent  of 
sulfur. 

(3)  Too  vigorous  or  too  prolonged  boiling  will  result  in  some 
distillation  of  antimony  chloride.  This  of  course  affects  results 
for  antimony,  but  has  not  been  found  definitely  to  influence  those 
for  sulfur. 

(4)  Permanent  absorption  of  iodine  by  filter  paper  under  the 
conditions  of  analysis  appears  not  to  occur.  Thus  50  ml.  of  iodine 
required,  in  absence  of  filter  paper,  43.02  and  43.05  ml.  of  thio¬ 
sulfate.  In  presence  of  filter  paper,  and  under  the  conditions 
described,  50  ml.  of  iodine  required  43.05  and  43.01  ml.  of  thio¬ 
sulfate. 

(5)  The  use  of  a  rubber  stopper  in  the  decomposition  flask  is 
permissible.  Comparative  trials  using  the  rubber-stoppered  flask 
and  an  all-glass  evolution  apparatus  yielded  identical  results. 

Analytical  Results 

The  results  for  four  specimens  of  primer  stibnite,  examined 
by  the  methods  discussed  above,  are  given  in  Table  III. 


Table  III — Analytical  Data 


Evolution 

Method 

CCL  Ext. 
Free 

Sulfate 

Total 

Bromine 

Oxidation 

Sulfur 

Sulfur 

Sulfur 

Sulfur 

Total 

(A) 

(B) 

(C) 

(A  +  B  +  C) 

Sulfur 

% 

% 

% 

% 

% 

20.05 

20.03 

20.08 

20.02 

20.05 

Av.  20.05 

0.08 

0.01 

20.14 

20.16 

20.14 

20.18 

20.16 

20.80 

20.78 

20.87 

20.85 

20.80 

Av.  20.82 

0.09 

0.01 

20.92 

21.01 

20.91 

20.98 

20.96 

21.66 

21.60 

21.64 

21.65 
21.65 

Av.  21.64 

0.11 

0.01 

21.76 

21.71 

21.66 

21.73 

21.70 

20.81 

20.78 

20.70 

20.65 

20.75 

Av.  20.76 

0.07 

0.01 

20.84 

20.96 

20.89 

20.92 

20.92 

The  results  obtained  by  the  evolution  method  fail  to  sup¬ 
port  Cushman’s  condemnation  of  this  procedure.  It  is 
indicated  to  be  a  method  for  sulfide  sulfur,  whereas  bromine 
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oxidation  yields  results  for  total  sulfur,  including  sulfide 
sulfur,  sulfate  sulfur  (negligible) ,  and  free  sulfur.  The  demon¬ 
stration  that  primer  stibnite  contains  free  sulfur  extractable 
with  carbon  tetrachloride  seems  to  introduce  a  new  considera¬ 
tion  into  the  analysis  of  this  mineral.  If  the  amounts  of  free 
sulfur  in  the  specimens  examined  may  be  considered  repre¬ 
sentative,  then  the  error  admitted  when  this  sulfur  is 
calculated  to  Sb2S3  will  in  general  be  of  the  order  of  0.4 
per  cent,  and  it  could  of  course  be  much  larger  without 
detection  by  the  “official”  method.  The  presence  of  free 
sulfur  in  stibnite  to  be  used  in  primers  is  probably  not 
harmful,  but  the  impropriety  of  calculating  it  to  Sb2S3  is 
obvious. 

The  sulfide  sulfur  of  stibnite  includes  that  present  in  sul¬ 
fides  of  antimony,  lead,  iron,  and  perhaps  arsenic,  the  last 
three  being  commonly  present  as  impurities.  According  to 
Cushman,2  iron  and  lead  sulfides  are  not  objectionable  im¬ 
purities,  and  may  even  be  used  as  fairly  good  substitutes  for 
stibnite  in  primers. 

As  regards  rapidity  and  convenience,  the  evolution  pro¬ 
cedure  is  much  superior  to  the  “official”  method,  and  permits 


determination  of  both  sulfur  and  antimony  in  a  single  sample, 
both  analyses  being  iodometric. 

Summary 

Commercial  stibnite  of  the  quality  required  for  primer 
manufacture  is  likely  to  contain  free  sulfur.  This  can  be  de¬ 
termined  by  extraction  with  carbon  tetrachloride. 

The  bromine-acetic  acid  method  for  determination  of  sul¬ 
fur  yields  results  for  total  sulfur,  and  not  specifically  for 
sulfide  sulfur.  Its  results  are  therefore  not  a  correct  basis 
for  calculation  of  the  apparent  Sb2S3  content  of  stibnite. 

The  evolution  procedure  described  above  is  recommended 
as  a  rapid  and  satisfactory  method  for  determination  of  the 
sulfide  sulfur  of  stibnite. 
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Application  of  the  Vacuum  Tube  in  the  Falling-Ball 
Method  for  Dark-Colored  Solutions' 

E.  M.  Symmes  and  E.  A.  Lantz 
Hercules  Experimental  Station,  Hercules  Powder  Co.,  Kenvil,  N.  J. 


OFTEN  it  is  impossible  to  observe  the  falling  ball  in 
viscosity  measurements  owing  to  the  color  of  the  solu¬ 
tion  being  tested.  This  is  especially  true  of  cupram- 
monium  solutions  of  cellulose.  If  the  cellulose  is  dirty,  the 
solution  is  usually  opaque  and  even  the  strongest  light  cannot 
penetrate  it.  The  following  method  has  been  successfully 
applied  on  this  type  of  solution.  It  has  the  advantage  of 
substituting  steel  balls  easily  duplicated  in  dimensions  for 
the  glass  beads  which  are  rather  difficult  to  duplicate. 

Apparatus 

The  radio  vacuum  tube  has  been  applied  to  this  method. 
The  circuit  (Figure  1)  consists  of  a  simple  oscillating  circuit, 

1  Received  September  20,  1928. 


Figure  1 — Circuit  for  Vacuum  Tube 


the  constants  of  which  are  shown  in  the  diagram.  The  coils 
of  the  circuit  are  wound  in  two  slots  on  the  viscosity  tube  as 
in  Figure  2.  The  slots  of  pasteboard  are  spaced  so  that  their 
centers  are  separated  by  the  distance  over  which  the  fall  of 
the  ball  is  to  be  measured.  The  grid  coil  is  wound  first,  half 
being  wound  in  the  first  slot  and  half  in  the  second.  The 
plate  coil  is  then  wound  half  in  each  slot  directly  over  the 
grid  coil.  There  are  usually  about  seventy-five  turns  of  No. 
28  wire  in  each  slot  for  the  grid  coil  and  about  fifty  in  each 
slot  for  the  plate  coil. 

Method 


With  the  coils  of  the  viscosity  tube  correctly  hooked  to  the 
apparatus,  it  is  set 
in  oscillation  by 
turning  on  the  fila¬ 
ment  of  the  vac¬ 
uum  tube.  The 
resistance  of  the 
grid  leak  is  slowly 
decreased  from  the 
maximum  until  the 
frequency  of  oscil¬ 
lation  gives  the  de- 
sired  tone.  The 
frequency  can  also 
be  controlled  to  a 
limited  extent  by 
varying  the  fila¬ 
ment  rheostat. 

With  the  set  so 
oscillating  as  to 
give  the  desired 

tone  a  steel  ball  is 
!  ,  .  i  i  Figure  2 — Viscosity  Tube  and  Attached 

dropped  through  Vacuum  Tube  Circuit 
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the  solution,  and  when  the  ball  passes  through  the  coils  a 
change  in  the  note  is  observed  due  to  the  change  in  frequency 
of  oscillations.  Since  the  coils  are  identical,  the  time  elaps¬ 
ing  between  the  change  in  hum  at  the  upper  and  lower  coils 
is  the  time  required  by  the  ball  to  pass  through  the  distance 
being  measured. 


Both  cuprammonium  solutions  of  cellulose  and  nitrocellulose 
solutions  in  various  solvents  have  been  run  by  the  method 
with  satisfactory  results. 

The  following  table  gives  an  idea  of  the  accuracy  of  the 
method  when  used  to  measure  viscosities  of  cellulose  in 
cuprammonium  solutions  and  using  steel  balls  of  various  sizes : 


Conclusions 

The  apparatus  has  several  limitations.  If  the  solution  is 
too  viscous,  the  change  in  note  may  be  so  gradual  as  to  be 
inaudible  to  any  but  the  trained  observer.  The  apparatus 
works  best  with  steel  balls  above  Vs  inch  (3  mm.)  in  diameter. 
Smaller  balls  do  not  exert  enough  influence  on  the  coils  to 
change  the  note  sufficiently  for  accurate  audible  detection. 


Vs-Inch  Ball 


Vu-Inch  Ball  Vi-Inch  Ball 


Seconds 


Seconds 


Seconds 


14.0 

14.6 

14.6 

14.8 

14.6 

14.0 


8.0 

8.0 

8.0 

8.0 


Duplicate  soln. 
8.2 
8.4 
8.0 
8.2 


5.8 

5.8 

5.8 


Improved  Apparatus  for  Vapor 

Determinations' 


Pressure 


O.  A.  Pickett 

Hercules  Experimental  Station,  Hercules  Powder  Co.,  Kenvil,  N.  J. 


THOSE  who  have  made  any  large  number  of  accurate 
vapor  pressure  determinations  fully  appreciate  the 
faults  of  most  all  methods,  both  static  and  dynamic, 
which  have  been  published.  The  static  methods  are  un¬ 
desirable  either  because  of  inherent  sources  of  inaccuracy  or 
because  of  the  excessive  time  necessary  to  get  results.  Some 
of  the  dynamic  methods  offer  possibilities  of  high  accuracy, 
but  they  are  time-consuming,  and  those  that  offer  speed  do 

so  at  the  sacrifice  of  ac¬ 
curacy.  A  good  re¬ 
sume  of  vapor  pressure 
methods  published  up 
to  1926  is  given  by 
Reilly,  Rae,  and 
Wheeler.1 2 

During  the  past  year 
Ramsay  and  Young’s 
vapor  pressure  method3 
has  been  modified  in 
this  laboratory  to  give 
a  procedure  combining 
high  relative  accuracy 
with  much  saving  of 
time.  The  immediate 
objective  was  a  rapid 
means  of  obtaining 

Figure  1 — Ramsay  and  Young’s  Vapor  pressure— tem- 
Original  Apparatus  for  Vapor  Pres-  perature  Curve  data  for 
sure  Determinations  .  .. 

pmene,  chpentene,  ter- 
pinolene,  fenchyl  alcohol,  a-terpineol,  and  other  terpenes  and 
terpene  alcohols.  It  has  been  found  possible  to  determine  as 
many  as  fifty  to  seventy-five  points  along  the  course  of  any 
curve  from  0.1  to  760  mm.  pressure  in  2  to  4  hours  for  tem¬ 
peratures  not  higher  than  250°  C.  The  curves  obtained  had 
an  accuracy  well  within  0.5  per  cent  of  the  true  values  for 
the  materials  under  test.  The  results  are  reported  in  an¬ 
other  paper  to  appear  in  Industrial  and  Engineering 
Chemistry. 

The  advantages  of  the  modified  method,  for  general  use, 

1  Received  October  11,  1928. 

2  Reilly,  Rae,  Wheeler,  ‘‘Physico-Chemical  Methods,”  p.  437  (1926). 

3  J.  Chem.  Soc.,  47,  45  (1885). 


have  proved  so  satisfactory  as  to  accuracy  and  economy  of 
time,  labor,  and  materials  that  they  are  thought  worthy  of 
being  passed  on  to  other  possible  users. 

Apparatus 

Figure  I  illustrates  the  apparatus  described  by  Ramsay 
and  Young,  while  Figure  2  shows  the  present  writer’s  modi¬ 
fication  of  the  part  ACE,  Figure  1.  The  main  reason  for 
modifying  Ramsay  and  Young’s  apparatus  was  to  prevent 
distillation  of  the  sample  under  test  from  A  into  C,  where  it 
would  condense  with  a  consequent  frequent  interruption  of 
tests.  With  the  apparatus  modified  as  in  Figure  2,  all  dis¬ 
tillation  from  A  was  condensed  and  returned  at  a  slow, 
uniform  rate,  such  as  would  never  exert  any  disturbing  effect 
on  the  vapor-liquid  equilibrium  relationships  existing  in  A 
proper. 

Figure  3  is  a  diagram  of  the  apparatus  as  used,  while  Figure 
4  is  a  photograph  of  an  actual  set-up,  although  in  use  the 


Figure  2 — -Modification  of  Essential  Part  of  Ramsay  and 
Young’s  Vapor  Pressure  Apparatus 


precision  bridge  was  set  to  the  right  of  the  manometer  in¬ 
stead  of  between  it  and  the  burner  as  shown. 

A,  a,  Figure  3,  is  the  vapor  pressure  apparatus  proper. 
B  is  a  3-hole  rubber  stopper.  The  platinum  resistance 
thermometer,  C,  is  inserted  through  one  of  these  holes,  the 
mercury  thermometer,  D,  through  the  second,  while  the  stem 
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of  the  separatory  funnel,  E,  passes  through  the  third.  The 
mercury  thermometer  is  used  to  make  rough  temperature 
readings,  the  final  accurate  readings  being  taken  with  the 
platinum  resistance  thermometer  by  means  of  a  Leeds  and 
Northrup  “8067  Precision  Temperature  Bridge”  (Figure  4). 

Each  thermometer  is  fitted  with  a  cotton  wick,  F,  such  as 
is  used  on  the  wet  bulb  of  a  psychrometer  thermometer.  The 


wicks  have  decided  advantages  over  the  swabs  of  cotton 
wool  specified  by  Ramsay  and  Young  as  a  medium  for  sup¬ 
porting  liquid  in  equilibrium  with  vapor  around  the  bulb. 
During  a  run  their  lower,  free  ends  dip  into  liquid  sample,  G, 
under  test,  while  their  upper  ends  are  bound  snugly  around 
the  thermometer  bulbs.  They  are  less  bulky  in  place  than 
cotton  wool  and  allow  the  operator  to  be  surer  that  both 
liquid  and  vapor  are  present  in  sufficient  quantities  at  all 
times  to  allow  opportunity  for  equilibrium  conditions.  In 
case  tests  are  to  be  made  at  temperatures  higher  than  the 
cotton  wicks  will  stand,  or  on  liquids  which  attack  cotton, 
improvised  wicks  of  asbestos  or  glass  wool  can  be  substituted 
and  held  in  place  by  asbestos  cord  or  resistant  metal  gauze 
or  wire. 

The  surface  of  the  sample  G  in  A  should  be  far  enough 
below  the  thermometer  bulbs  to  prevent  any  splash  of  liquid 
from  the  surface  of  G  from  coming  into  contact  with  the 
bulbs  and  possibly  upsetting  the  pressure-temperature  equi¬ 
librium  surrounding  them  through  superheating. 

The  separatory  funnel  E  is  used  for  introducing  the  sample 
after  all  connections  are  made  and  the  system  has  been  tested 
for  leaks.  Possible  leakage  around  or  through  the  stopper  B 
is  eliminated  by  painting  all  its  outside  contact  surfaces  with 
a  paint  made  by  intimate  grinding  in  a  mortar  of  1  gram  of 
gum  arabic,  0.2  gram  of  aluminum  dust,  1  cc.  of  water  glass 
(ordinary  grade),  and  10  cc.  of  water.  Leakage  at  H  is 
avoided  by  use  of  acid-cured  natural  gum  tubing  with  all  outer 
surfaces  coated  with  films  of  castor  oil.  These  joints,  H, 
could  all  be  made  glass  seals,  but  with  them  as  shown,  taking 
down  and  re-assembling  the  apparatus  is  greatly  facilitated. 

The  system  is  evacuated  through  the  cocks  I  and  J  by 
means  of  a  vacuum  pump  connected  at  K,  and  pressure 
readings  are  made  by  means  of  manometer  M,  which  is  a  full- 
length  closed  type,  making  barometric  corrections  unneces¬ 
sary. 

When  tests  are  to  be  made  above  room  temperature  a 


temperature-control  vapor  bath,  N,  developed  by  Ryan  and 
Lantz4  is  used.  Such  constant-boiling  liquids  as  acetone, 
benzene,  toluene,  xylene,  and  aniline,  or  mixtures  of  any 
two  for  intermediate  points,  are  used  for  controlling  the 
temperature  in  A.  When  a  higher  or  lower  boiling  liquid  is 
wanted,  N  is  emptied  through  0  into  a  suction  flask,  and  if 
the  liquid  being  removed  is  still  hot,  pulling  a  current  of  air 
up  through  0  will  volatilize  all  residual  liquid  from  the  walls 
that  might  contaminate  and  change  the  boiling  point  of  the 
next  liquid  added. 

Manipulation  Details 

The  apparatus  is  assembled  as  shown  in  Figure  3.  Then 
with  stopcocks  I  and  J  open  and  L  closed,  the  vacuum  pump, 
connected  at  K,  is  started,  and  while  it  is  running  rubber 
stopper  B  is  painted  well  with  the  gum  arabic  paint  described 
above.  When  the  manometer  shows  no  further  reduction  in 
pressure,  J  is  closed,  the  pump  shut  off,  and  L  opened.  If 
no  appreciable  leakage  occurs  over  a  10-minute  period,  the 
sample  is  introduced  through  separatory  funnel  E,  care  being 
taken  to  wet  the  wicks,  F,  thoroughly  and  not  allow  the  sur¬ 
face  of  the  liquid  sample  to  approach  too  near  bulbs  of  ther¬ 
mometers,  as  cautioned  previously. 

The  pump  is  again  started  and  the  system  evacuated  until 
all  dissolved  gases  are  removed  from  sample.  This  can  be 
easily  judged  by  the  operator  after  a  little  experience.  With 
all  gases  out  the  operator  is  ready  to  begin  taking  pressure- 
temperature  readings. 

With  sample  G  showing  no  ebullition,  the  pump  is  started 
and  the  vacuum  turned  on  until  positive,  but  not  too  vigorous, 
boiling  begins.  J  is  then  closed,  and  as  soon  as  mercury 
thermometer  D  remains  constant  in  reading  the  resistant 


Figure  4 — Set-Up  of  Apparatus  for  Vapor  Pressure 
Determinations 


bridge  is  set  for  platinum  resistance  thermometer  reading  and 
a  pressure  reading  made  as  soon  thereafter  as  possible. 
After  a  moment  a  second  and  similar  set  of  readings  is  taken, 
and  then  a  third  set.  If  all  is  well  each  succeeding  reading  in 
any  set  may  be  slightly  higher  than  the  last.  Again  the 
system  is  evacuated  and  another  series  of  three  readings  for 
temperature  and  pressure  is  taken. 

With  experience  the  operator  soon  learns  to  tell  by  in¬ 
spection  if  his  figures  are  checking  satisfactorily,  because  out 

«  Ryan  and  Lantz,  Ind.  Eno.  Chem.,  20,  40  (1928). 
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of  his  three  sets  of  readings  there  should  be  satisfactory 
overlapping  checks.  With  experience  and  everything  going 
smoothly  all  three  sets  of  readings  are  not  necessary  for 
assurance  of  good  checks. 

Satisfactory  results  having  been  obtained  for  the  tempera¬ 
ture  under  test,  the 
liquid  P  in  N  is  re¬ 
moved,  after  removing 
the  flame,  the  next  de¬ 
sired  bath  liquid  poured 
in  through  n,  and  temp¬ 
erature  and  pressure 
tests  made  as  before. 
As  the  higher  boiling 
liquid,  P,  is  heated  up, 
a  small  amount  of  air  is 
let  in  through  L  and  J 
to  adjust  the  pressure 
within  A  so  that  too 
vigorous  boiling  of  sam¬ 
ple  G  will  not  occur. 

The  presence  of  small 
amounts  of  air  at  J  has 
no  influence  on  the  va¬ 
por  pressure-tempera¬ 
ture  relationships  in¬ 
side  A  so  long  as  the 
thermometer  bulbs  are 
surrounded  by  only  the 
liquid  and  vapor  phases 
of  the  material  under 
test. 

Temperatures  higher  or  lower  are  adjusted  by  proper 
temperature  baths  in  N. 


Figure  5 — Relative  Accuracy  of  Modified 
Apparatus  when  Used  to  Dete  mine 
(Curve  X)  Vapor  Pressure  of  Water  and 
(Curve  2)  Vapor  Pressure  of  a  Saturateu 
Sodium  Chloride  Solution 


Standardization 


In  order  to  test  the  accuracy  and  applicability  of  the 
method  for  the  desired  purpose,  vapor  pressure-temperature 
data  were  obtained  using  redistilled  water.  The  data  are 
given  in  Table  I,  and  the  closeness  with  which  they  fall  on 
curve  1,  Figure  5,  plotted  from  Landolt-Bomstein  data,  shows 
the  relative  accuracy  of  the  method.  Greater  accuracy  could 
be  attained  easily  by  use  of  more  refined  pressure  readings  than 
used  here,  where  0.1  mm.  was  satisfactory.  The  method 
should  also  be  as  applicable  for  pressures  lower  than  0.1  mm. 

Another  operator  in  this  laboratory  has  shown  the  method 
to  be  highly  satisfactory  for  determining  vapor  pressure  data 
on  saturated  salt  solutions. 


Table  I — Vapor  Pressure  of  Water  at  0°  C.  Using  Modified  Method 


Intern.  Bureau 

Landolt- 

Weights  and 

TEMPERATURE 

Observed 

Bornstein 

Measures 

0  C. 

Mm.  Hg 

Mm.  Hg 

Mm.  Hg 

13.0 

11.1 

11.23 

11.14 

16.5 

13.9 

14.08 

13.95 

19.2 

16.3 

16.69 

16.52 

20.2 

17.6 

17.75 

17.58 

21.4 

18.9 

19.10 

18.92 

22.2 

19.9 

20.07 

19.87 

23.9 

22.0 

22.24 

22.02 

24.5 

22.9 

23.06 

22.83 

25.6 

24.3 

24.62 

24.37 

26.0 

25.1 

25.21 

24.96 

26.7 

26.0 

26.27 

26.01 

55.0 

117.0 

118.04 

117.52 

55.6 

120.6 

121.47 

120.95 

90.0 

523.5 

525.76 

525.47 

91.15 

547.6 

549.10 

548.87 

92.2 

569.5 

571.26 

570.98 

92.6 

578.0 

579.87 

579.61 

Table  II- 

—Vapor  Pressure  Data 

on  Saturated  Sodium  Chloridi 

Solutions, 

as  Obtained  by  Improved  Apparatus 

(Pressure  corrected  for  mercury  at  0°  C.) 

Tempera 

Tempera¬ 

Tempera¬ 

TURE 

Pressure 

ture 

Pressure 

ture  Pressure 

°  c. 

Mm.  Hg 

0  C. 

Mm.  Hg 

°  C.  Mm.  Hg 

15.0 

8.5 

53.7 

82.4 

85.3  325.0 

15.1 

8.6 

53.8 

82.8 

85.5  328.1 

15.3 

8.8 

53.9 

83.3 

85.5  328.6 

16.0 

9.0 

55.4 

89.9 

85.6  329.5 

16.1 

9.1 

55.5 

90.1 

85.7  331.0 

53.1 

80.1 

55.6 

90.4 

85.7  331.1 

53.2 

80.9 

84.8 

319.0 

85.8  331.3 

53.4 

81.3 

85.0 

322.1 

85.9  332.5 

53.5 

81.9 

85.1 

323.1 

86.0  334.8 

53.6 

81.7 

85.1 

323.5 

86.1  335.9 

Curve  2,  Figure  5,  was  plotted  from  data  from  Landolt- 
Bomstein  tables  for  saturated  sodium  chloride  solutions. 
Against  this  curve  are  plotted,  by  circles,  data  obtained  on 
saturated  sodium  chloride  solutions  using  the  apparatus 
described.  These  data  show  the  relative  accuracy  attainable 
by  the  method  described.  Such  accuracy  can  be  attained  by 
the  average  laboratory  worker  with  ease  and  without  sacrifice 
of  speed.  It  is  easily  possible  to  get  such  data  over  a  tempera¬ 
ture  range  of  10°  to  220°  C.  in  a  total  time  of  from  2  to  4 
hours,  if  pressure  readings  to  0.1  mm.  are  sufficiently  accurate 
for  the  desired  purpose. 

Application  of  this  apparatus  can  be  extended.  It  can  be 
used  for  determining  the  vapor  pressure  of  solids  in  the  same 
manner  as  described  by  Ramsay  and  Young  for  their  original 
apparatus.  Volatile  corrosive  materials  might  be  tested  by 
modifying  the  closure,  B,  of  A  in  Figure  3. 
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Simple  Apparatus  for  Measuring  Vapor  Pressure 

of  Volatile  Liquids' 
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VARIOUS  forms  of  apparatus  have  been  used  for  de¬ 
termining  the  vapor  pressure  of  gasoline.  The  serious 
errors  inherent  in  many  of  these  have  been  pointed  out 
by  Davis.2  For  this  purpose  an  apparatus  has  been  devised 
which  measures  the  vapor  pressure  in  a  Torecelli  vacuum,3 
but  the  method  of  use  is  simplified  greatly.  The  apparatus 

1  Received  November  9,  1928. 

*  Davis,  Ind.  Eng.  ChEm.,  17,  1136  (1925). 

*  Engler-Hofer,  “Das  Erdol,”  Vol.  IV,  p.  33  (1916). 


consists  merely  of  a  small  long-stem  dropping  funnel  sup¬ 
ported  preferably  by  a  split  ring  and  connected  by  a  rubber 
pressure  tube  with  a  gas-analysis  leveling  bottle  (bottom 
outlet)  containing  mercury. 

In  practice,  the  funnel  is  first  lowered  until  mercury  flows 
into  it,  the  stopcock  is  shut  off,  and  the  funnel  is  raised  until 
mercury  falls  away  from  the  stopcock.  The  height  of  the 
mercury  is  read  on  a  meter  rod.  This  is  repeated  two  or 
three  times  to  obtain  a  constant  reading,  which  is  usually  3  or 
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the  new  height  of  mercury  (a)  read  as 


4  cm.  below  the  barom¬ 
eter  reading,  because 
of  dissolved  air,  vapors, 
etc.  The  constant 
height  is  taken  as  the 
zero  reading. 

A  few  cubic  centi¬ 
meters  of  the  volatile 
liquid  are  then  poured 
into  the  funnel,  which 
is  stopped  loosely  to 
avoid  excessive  evapo¬ 
ration.  The  funnel  is 
lowered  again  with  the 
stopcock  open,  and  then 
shut  off  with  volatile 
liquid  on  both  sides  of 
the  stopcock.  Again 
the  funnel  is  raised  and 
before.  The  difference 


in  height  gives  the  vapor  pressure  of  the  liquid  at  the  sur¬ 
rounding  temperature.  The  correction  for  height  of  the 
liquid  column  (a— b)  is  within  experimental  error.  For  other 
temperatures  a  jacket  of  warm  water  or  steam,  etc.,  around 
the  whole  stem  of  the  funnel  must  be  provided. 

ith  impure  liquids,  such  as  gasoline,  the  observed  vapor 
pressure  as  determined  by  any  method  varies  greatly  accord¬ 
ing  to  the  volume  of  the  vapor  space,  far  more  than  the  above- 
mentioned  error  due  to  air  dissolved  in  the  mercury,  so  that 
it  is  useless  to  eliminate  the  latter  completely.  For  compari¬ 
son  of  gasolines  the  ratio  of  vapor  to  liquid  volumes  must  be 
set  arbitrarily,  and  this  adjustment  is  particularly  convenient 
with  this  apparatus.  The  ratio  might  be  1:9,  corresponding 
to  a  tank  90  per  cent  full.  For  fairly. pure  liquids,  such  as 
commercial  acetone,  ether,  etc.,  a  much  higher  ratio,  five  to 
ten  times  the  liquid  volume,  would  be  preferable.  Results 
agreeing  well  with  literature  values  have  been  obtained  for 
ether,  acetone,  benzene,  carbon  tetrachloride,  chloroform, 
and  pentane.  The  time  for  a  test  is  5  to  10  minutes;  for 
check  determinations,  less  than  1  minute. 


Rapid  Determination  of  Specific  Gravity  of 
Semi-Solid  Bituminous  Substances' 

S.  E.  Berkenblit 

Board  of  Transportation  of  the  City  of  New  York,  49  Lafayette  St.,  New  York,  N.  Y. 


THE  specific  gravity  of  semi-solid  bituminous  substances 
is  usually  determined  by  means  of  a  wide-mouth 
pycnometer  or  by  the  Sommer  hydrometer.  In  either 
case  the  solidified  material  has  to  be  removed  after  each  de¬ 
termination,  so  that  the  cup  holding  the  sample  may  be 
cleaned  and  made  ready  for  the  next  test. 

The  cleaning  of  the  apparatus  usually  consumes  more  time 
than  the  actual  determination  and  causes  considerable  slop¬ 
piness.  Moreover,  the  delicate  glass  pycnometers  very  often 
break  during  cleaning,  and  with  the  Sommer  hydrometer 
difficulties  are  frequently  encountered  in  the  removal  of 
the  cover  and  flange  from  the  metal  cylinder,  as  a  result  of 
which  the  cylinder  gets  scratched  or  indented. 

The  writer  has  developed  a  short  method  eliminating  the 
cleaning  of  the  pycnometer  and  requiring  only  one  weighing. 
This  method  has  been  used  for  over  three  years  in  this  labora¬ 
tory  for  determining  the  specific  gravities  of  asphalts  employed 
for  waterproofing  purposes  in  the  subways  and  ranging  in 
melting  point  from  125°  to  175°  F.  (51.7°  to  79.4°  C.)  (ball 
and  ring),  and  has  been  found  to  give  very  satisfactory  re¬ 
sults.  Duplicate  analyses  made  on  the  same  material  have 
been  found  to  check  within  0.002.  The  method  can  be  used 
to  advantage  in  connection  with  all  kinds  of  solid  and  semi¬ 
solid  materials. 

A  detailed  description  of  the  method  and  the  apparatus 
required  is  given  below.  In  the  method  described  the  specific 
gravity  is  obtained  at  77°  F.  (25°  C.),  which  is  the  tempera¬ 
ture  specified  in  the  A.  S.  T.  M.  Standard  Method  of  Test  for 
Specific  Gravity  of  Asphalts  and  Tar  Pitches,  Serial  Designa¬ 
tion  D71-27. 


Description  of  Apparatus 

Brass  Mold — This  consists  of  a  brass  tube,  l3/4  inches 
(4.4  cm.)  high  and  lB/i6  inches  (3.3  cm.)  in  diameter,  open  at 

1  Received  October  30,  1928. 


both  ends  and  cut  longitudinally  in  two  equal  parts,  which 
are  held  together  with  a  rubber  band.  The  mold  can  hold 
about  40  grams  of  asphalt  or  pitch.  It  is  placed  on  an 
amalgamated  brass  plate  and  the  molten  sample  poured  into 
it. 


Glass  Cylinder — This  cylinder  is  8V2  inches  (21.6  cm.) 
high  and  l3/4  inches  (4.4  cm.)  in  diameter,  open  at  the  top. 
At  the  bottom  a  three-hole  rubber  stopper  is  inserted,  from 
which  one  connection  is  made  to  a  500-cc.  separatory  funnel, 
serving  as  a  leveling  bottle.  Another  connection  leads  to  a 
50-cc.  buret,  the  lower  end  of  which  has  been  cut  off  below 
the  zero  mark.  Both  the  buret  and  the  leveling  bottle  are 
held  at  the  desired  height  by 
means  of  an  iron  support.  Into 
the  third  hole  of  the  rubber 
stopper  is  inserted  a  glass  tube, 
y4  inch  (6  mm.)  inside  diameter, 
leading  to  the  outside  of  the 
cylinder,  parallel  to  its  side. 

This  glass  tube  has  a  mark  etched 
on  it,  5  inches  (12.7  cm.)  from 
the  lower  end.  The  glass  cylin¬ 
der  with  the  side-tube  attach¬ 
ment  may  be  clamped  in  another 
iron  support. 

This  apparatus  is  not  expen¬ 
sive  and  can  be  constructed  in 
any  laboratory. 

Preparation  of  Sample 

The  sample  of  the  bituminous 
substance  is  melted  in  a  tin  can 
at  the  lowest  possible  tempera¬ 
ture  and  poured  into  the  brass  Apparatus  for  Determining 
mold  to  fill  it  slightly  more  than  Bituminous  Substances 
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full.  The  inside  of  the  mold  is  covered  with  a  thin  film  of 
glycerol  to  prevent  the  bitumen  from  sticking.  The  mold 
with  the  sample  is  first  cooled  in  air,  then  immersed  for  30 
minutes  in  water  maintained  at  77°  F.  (25°  C  )  The  excess 
materia1  extending  above  the  level  of  the  mold  is  then  cut 
off  with  a  hot  knife. 


Yol.  1 


Not 


Weight  o  and  Cable, 

und  to  thl.997  =  specific  gravity 


Method  of  Determination 

The  sample  is  removed  from  the  mold  and  rinsed  in  water 
kept  at  77°  F  (25°  0.)  to  wash  off  the  glycerol  It  is  tht 
wiped  with  absorbent  cotton  to  remove  all  the  water  from 
the  surface,  and  weighed  on  the  balance.  The  weighing 
should  be  done  quickly  or  the  asphalt  will  stick  to  the  watch 

Fill  the  leveling  bottle,  L,  with  water  at  77°  F.  (25°  C  ) 

a  ?P01?  St?pC0(rks  B’  C>  and  D  to  connect  the  cylinder  A 
with  the  leveling  bottle  and  with  buret  E.  Fill  both  the  buret 
and  the  cylinder  with  water  until  the  mark  M  on  the  side 
tube  is  reached  Adjust  the  level  at  M  very  carefully,  then 
close  stopcock  B  to  discontinue  the  flow  of  water  and  take 
the  readmg  on  the  buret.  Suspend  the  weighed  sample  of 
asphalt  or  pitch  by  means  of  a  silk  thread  and  immerse  in 
the  water  m  the  cylinder  A.  The  asphalt  will  displace  some 
of  the  water,  causing  the  water  levels  in  the  cylinder  and  in 
the  buret  to  rise.  Now  lower  the  buret  slowly  until  the  water 
level  in  the  cylinder  A  is  brought  back  to  the  starting  point 
corresponding  to  mark  M  on  the  indicating  tube. 

Take  the  second  reading  on  the  buret.  The  difference 
between  the  first  and  second  readings  is  equivalent  to  the 
volume  of  water  displaced  by  the  sample.  The  density  of 
water  at  77  F.  (25°  C.)  being  0.997,  the  specific  gravity  of 
the  sample  is  calculated  from  the  formula: 


(Volume  of  water 

uiui7C"  .0 
.  seventy  £ 

Ar  'ut  50°  Clethod 

The  accuracy  of  this  i  A  pass  £as  tested  in  several  wai 
ihe  specific  gravity  of  a  n.  i  on  a  (,le  of  asphalt  was  obtain, 
starting  from  a  certain  pity.  %  the  buret)  as  describ( 

above.  The  same  proc  i  and  i  then  repeated  after  r 
moving  the  surface  moistu  -  ed  sav,g  from  a  different  pon 
on  the  buret,  which  can  be  a  .ad  the  ed  by  raising  or  lowerii 
the  buret.  A  few  of  the  resi  c,  ated  i'Ven  in  Table  I. 

Table  I — Comparison  of  SpecK  r\ 
by  Varying  Iniu  1 


rem; 


Sample 

Weight  of 

Initial 
Reading  on 

Sample 

Buret 

Grams 

Cc. 

A 

41.0445 

3.60 

Ai 

41 . 0445 

4.20 

B 

40.9560 

6.80 

Bi 

40.9560 

5.00 

The 

results  obtained  by  this 

1  of 

.  t 

1  R 

Cc. '  ‘ 

43.40 

43.95 

46.10 

44.36 


eterminations  Obtain! 
Buret 


WvTER 
•  .  “LACED 

Cc. 

39.80 

39.75 

39.30 

39.36 


Specific 

Gravity 

1.0343 
1.0356 
1 . 0453 
1.0437 


.  .  .  V  given,  oarnuie  nrs 

in  air,  then  in  water.  (Table  II) 

Ta>£Ie  ,II7-C°mparison  of  Specific  Gravity  Results 

Method  Described  and  by  Method  of  We^hing  in  Mr^nd  VvIter 

Sample  Method  Described  Axr  aniTwater 

I  1.0360  i  0369 

3  H0600  1.0603 

o  1 . 0267  i . 0272 
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Determination  of  Cellulose  and  Amount  of  Chlorine 

Consumed  in  Its  Isolation1 

A  Short  Method 


Mark  W.  Bray 

U.  S.  Forest  Products  Laboratory,  Madison,  Wis. 

SINCE  the  various  methods  for  the  determination  of 
cellulose  in  woody  materials  consist  in  the  measurement 
of  a  residue  obtained  by  some  empirical  procedure,  a 
study  of  chlorination  methods  was  undertaken  by  the  Forest 
Products  Laboratory  with  the  view  to  simplification  and 
improvement.  A  procedure  incorporating  the  best  features 
o  the  several  methods  studied  has  been  developed,  which  not 
only  gives  more  accurate  results  with  less  degradation  of  the 
cellulose  than  obtained  by  previous  methods,  but  also  gives 
practically  the  same  yields  of  cellulose  regardless  of  the  size2 
of  the  particles  chlorinated.  In  addition,  this  method  affords 
data  showing  the  amount  of  chlorine  consumed  in  the  isolation 
ol  the  cellulose. 

Though  the  Cross  and  Bevan3  original  procedure  of  alter¬ 
nate  treatments  with  chlorine  gas  and  sodium  sulfite  solu¬ 
tion  has  been  modified  in  various  ways  to  increase  yields  of  a 

1  Presented  under  the  title  “The  Estimation  of  Cellulose  in  Ligno- 
celluloses  and  the  Amount  of  Chlorine  Consumed  in  Its  Isolation”  before 
the  Division  of  Cellulose  Chemistry  at  the  75th  Meeting  of  the  American 
Chemical  Society,  St.  Louis,  Mo.,  April  16  to  19,  1928. 

2  Mahood  and  Cable,  J.  Ind.  Eng.  Chem.,  12,  873  (1920). 

77  91C(1880)Dd  BeVaD’  J~  Chem'  S°C"  38’  666A  (1880):  Chem-  NewS‘  i2' 


less  degraded  cellulose,  their  idea  is  the  basis  of  the  bes 
known  methods  for  the  isolation  of  the  cellulosic  residue  fron 
lignocelluloses  and  has  replaced  the  earlier  and  less  effectiv 
brommation  method.4 

Originally3  the  time  of  chlorination  was  1  hour  or  longer 
ochorger0  shortened  the  time  for  the  first  chlorination  to  V 
lour,  while  Ritter  and  Fleck6  showed  that  the  same  quan¬ 
tities  of  hgnm  and  substances  other  than  cellulose  are  re- 
moved  in  a  5- to  3-minute  chlorination  period  and  that  the 
ce  ulose  thus  isolated  had  undergone  less  degradation  than 
p  at  oktained  as  a  result  of  the  longer  periods  of  chlorination. 

nor  to  Ritter  s  work  the  author7  showed  that  prolonged 
chlorination  degrades  cellulose  and  therefore  yields  less  alpha- 
cellulose,  which  sometimes  becomes  gelatinous  and  difficult 
to  filter  and  wash.  It  is  therefore  difficult  to  obtain  corre¬ 
sponding  amounts  of  alpha-cellulose  from  a  sample  of  wood 
cellulose  prepared  by  the  long  chlorination  method.  However 
shortemng  the  chlorination  period  below  that  prescribed  by 

4  AT ii  1 1  pvt-  ‘•d.'a  t) n _ c  _ _ 


2,  27 ‘(Sr  PflanZenfaSer’”in  ^“ann's  Btr.  Enlu-ick.  chem.  In, 

5  Schorger,  J.  Ind.  Eng.  Chem.,  9,  556  (1917). 

6  Ritter  and  Fleck,  Ibid.,  16,  147,  947  (1924). 

7  Bray  and  Andrews,  Paper  Trade  J.,  76,  No.  8,  47  (1923) 
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Schorger  in  order  to  obt£Ana)ytical  >  im  yield  of  alpha-cellu- 
se  was  not  attempted  at  oh 

Many  investigators  ch  Ll™IN ,  neir  material  in  beakers, 
placed  in  a  specially  d  ha-  Cee-  o,  Varatus,  while  others8'9 
used  Gooch  crucibles  pr  osiT"  losV'*  &  a  calico  pad.10  Dore,11 
using  the  crucible  meth  %  signed  a  special  apparatus 

and  filtering  medium  forger's!®  lie  chlorine  gas  is  drawn 
through  the  material  by 37  • 1  •  hbe 

These  methods,  wi  43.5  tn;  exceptions, 12  disregard  the 
measurement  of  the  a  43  5  t'afo.chlorine  gas  required  for  the 
isolation  of  the  cellul  36  .0  fi  is  of  interest  in  the  interpre- 

JjOse  determination.  Recently 
37  •  <f  -«moe13  for  the  determination  of 
leached  pulps,  as  a  measure  of 


tation  of  the  data  o7" 
apparatus  has  beesii 
the  chlorine  absorb': 
their  bleachabilitw 

As  shown  in  Rfgurt . ,  this  apparatus  has  been  modified  and 
a  procedure  devised  embodying  the  principles  of  the  several 
modifications  of  the  Cross  and  Bevan  method  in  which  the 
chlorine  required  for  the  isolation  of  the  cellulose  in  wood  and 
pulp  can  be  measured.  With  this  apparatus  a  maximum 
yield  of  cellulose  and  a  high  yield  of  alpha-cellulose  are  ob¬ 
tained  with  an  apparent  minimum  of  degradation. 

The  method  eliminates  acid,2*  9- 11  hot  water,14  and  alka¬ 
line3  pretreatments  of  the  wood  and  embodies  the  alcohol- 
benzene  extraction  of  Renker;15  chlorination  in  a  crucible  by 
Dore,  Sieber,  and  Walter;  short  chlorination  periods  ac¬ 
cording  to  Ritter;  and  a  measurement  of  the  chlorine  gas 
according  to  Roe. 

Since  considerable  heat  is  developed  during  the  first  chlori¬ 
nation  treatment  on  wood,  the  crucible  is  water-jacketed 
(this  may  be  dispensed  with  in  the  case  of  pulps)  in  order  to 
retard  hydrolysis  of  the  cellulose  by  the  hydrochloric  acid 
formed.  Oxidation  of  the  cellulose  is  reduced  to  a  minimum 
by  treating  the  washed  chlorinated  residue  in  the  crucible 
with  dilute  sulfurous  acid  solution  immediately  after  chlorina¬ 
tion.  The  objections  to  using  a  calico  or  muslin  pad  in  a 
Gooch  crucible  have  been  overcome,  since  the  chlorinations 
are  carried  out  in  a  chamber  consisting  of  a  Jena  (fritted-glass- 
bottom)  crucible.  Chorination  is  expedited,  as  the  chlorine 
gas  is  not  drawn  through  the  sample  by  suction  but  forced 
through  under  a  slight  hydrostatic  pressure,  thereby  in¬ 
creasing  the  speed  of  reaction.  The  moisture  of  the  material 
is  evenly  distributed  through  the  entire  sample,  which  gives  a 
more  even  absorption16  of  the  chlorine  gas. 


Procedure 

Chlorination — Approximately  2  grams  of  air-dry  sawdust 
ground  to  pass  a  60-  and  to  be  retained  on  an  80-mesh  sieve, 
or  shredded  pulp,  are  weighed  in  a  tared  alundum  crucible 
by  means  of  a  weighing  bottle,  and  dried  in  the  oven  for  2y2 
hours  at  105°  C.17  The  crucible  is  placed  alongside  the  weigh¬ 
ing  bottle  during  drying.  After  drying,  the  crucible  is  again 

3  Sieber  and.  Walter,  Papier-Fabr.,  11,  1179  (1913);  C.  A.,  8,  1202 
(1914). 

•Johnson  and  Hovey,  J.  Soc.  Chem.  Ini.,  37,  133T  (1918);  Paper, 
21,  No.  23,  40  (1918). 

10  Johnsen,  Mahood,  Dore,  J.  Ind.  Eng.  Chem.,  13,  358  (1921). 

11  Dore,  Ibid.,  12,  264  (1920). 

12  Cross  and  Bevan,  J.  Chem.  Soc.,  55,  199T  (1889). 

13  Roe,  Ind.  Eng.  Chem.,  16,  808  (1924). 

14  Investigators  at  the  Forest  Products  Laboratory  found  that  it  was 
impossible  to  filter  off  the  solutions  from  the  chlorinated  residue  of  bamboo, 
Phyllostachys  perebula,  unless  the  wood  had  been  previously  either  treated 
with  hot  1  per  cent  sodium  hydroxide  solution  or  boiled  with  water. 

15  Renker,  “Bestimmungs  Methoden  der  Cellulose,”  p.  88,  Berlin 
(1910);  Schwalbe,  “Chemie  der  Cellulose,”  p.  620. 

is  Peterson  and  Bray,  Ind.  Eng.  Chem.,  20,  1210  (1928). 

17  Should  the  sample  contain  volatile  oils  it  is  necessary  to  determine 
the  moisture  by  the  xylene  method  and  work  thereafter  on  the  air-dry 
material.  Hawley  and  Wise,  “Chemistry  of  Wood,”  p.  130  (1926); 
Schwalbe,  Z.  angew.  Chem.,  21,  400  (1908). 


placed  in  the  stoppered  bottle,  cooled  in  a  desiccator  over 
sulfuric  acid,  and  then  reweighed.  The  results  are  there¬ 
fore  based  on  the  actual  weight  of  the  oven-dry  wood  or  pulp. 

The  crucible  and  its  contents  of  wood  are  treated  3  to  4 
hours  in  a  Soxhlet  extractor  (the  extraction  may  generally 
be  omitted  for  pulp)  with  a  2:1  mixture  of  benzene  and  alcohol. 
After  removal  of  the  solvent  by  suction  the  sawdust  is  thor¬ 
oughly  washed  with  hot  water,  again  under  suction.  The 
moist  sawdust  is  then  transferred  to  a  Jena  glass  crucible 
(size  35  cc.  No.  3,  porosity  5-7)  provided  with  a  fritted-glass 
bottom. 

The  suction  is  applied  at  the  bottom  of  the  crucible  until 
the  excess  moisture  is  removed,  then  at  the  top  for  a  few 
minutes,  to  remove  the  water  from  the -fritted-glass  plate  and 
allow  free  passage  of  the  chlorine  gas  through  the  sample  dur¬ 
ing  the  subsequent  chlorination  treatment. 

The  crucible  is  placed  in  the  chlorination  apparatus  as 
shown  in  Figure  1.  A  measured  quantity  of  chlorine  gas  is 
passed  from  the  buret  up  through  the  material  in  the  crucible 
and  over  into  the  Hempel  gas  pipet  as  rapidly  as  possible. 
During  the  first  chlorination  a  2-gram  sample  of  wood  ab¬ 
sorbs  approximately  230  cc.  of  chlorine  gas  at  room  tempera¬ 
ture  and  under  atmospheric  pressure.  This  necessitates 


Figure  1 — -Apparatus  for  Determination  of  Chlorine  Absorp¬ 
tion  in  Isolation  of  Cellulose 


refilling  the  buret  three  times,  which  may  be  done  quickly 
since  it  is  connected  to  a  chlorine  tank  by  means  of  a  three- 
way  stopcock.  After  the  first  chlorination  treatment,  which 
requires  from  3  to  4  minutes,  the  gas  remaining  in  the  system 
is  drawn  back  into  the  gas  buret  and  the  volume  measured. 
The  crucible  is  then  removed  from  the  apparatus  and  the 
contents  washed  with  cold  distilled  water  using  the  filtrate 
for  subsequent  titrations  of  the  hydrochloric  acid.  The  sample 
is  then  successively  washed  by  suction  with  50  cc.  each  of  a 
3  per  cent  sulfurous  acid  solution,  cold  water,  and  a  freshly 
prepared  2  per  cent  sodium  sulfite  solution. 

The  sample  is  transferred  to  a  250-cc.  beaker  and  treated 
with  100  cc.  of  2  per  cent  sodium  sulfite  solution.  The  ma¬ 
terial  may  be  boiled  with  sodium  sulfite  solution  in  the  crucible 
as  suggested  by  Sieber8  and  Dore.10  The  last  traces  of  the 
sample  adhering  to  the  porous  bottom  of  the  crucible  are 
removed  by  successively  drawing  10-cc.  portions  of  the  sodium 
sulfite  solution  up  through  the  bottom  of  the  crucible  by 
means  of  suction.  The  beaker  containing  the  material  is 
covered  with  a  watch  glass  and  placed  in  a  boiling  water 
bath  for  30  minutes. 

The  sample  is  again  transferred  to  the  glass  crucible  and 
washed  with  about  250  cc.  of  distilled  water.  The  treatment 
thus  far  is  never  sufficient  to  remove  all  the  lignin;  hence  the 
chlorination  and  subsequent  treatments  as  outlined  above  are 
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repeated  until  the  fibers  are  a  uniform  white  or  show  only  a 
very  faint  tinge  of  pink  upon  addition  of  the  sodium  sulfite 
solution.  The  second  and  following  treatments  with  chlorine 
should  not  require  more  than  1  or  2  minutes6  each. 

After  all  the  lignin  has  been  removed,  the  fibers  are  thor¬ 
oughly  washed  into  the  original  alundum  crucible  (the  fritted 
Jena  glass  crucible  may  be  used  instead  of  the  alundum  cru¬ 
cible  throughout  the  whole  procedure)  (porosity  98)  with 
approximately  500  cc.  of  hot  distilled  water  and  stirred  oc¬ 
casionally  with  a  pointed  glass  rod,  then  washed  with  50  cc. 
of  95  per  cent  alcohol  and  finally  with  50  cc.  of  ether.  The 
tared  crucible  and  its  contents  are  dried  for  2V2  hours  or  to 
constant  weight  at  105°  C.  in  an  air  oven,  cooled  in  a  desic¬ 
cator  over  sulfuric  acid,  and  weighed. 

Chlorine  Consumption — The  total  volume  of  chlorine 
consumed  in  the  isolation  of  the  cellulose  is  obtained  from  the 
sum  of  all  the  volumes  used  in  the  several  chlorination  treat¬ 
ments,  corrected  individually  to  0°  C.  and  760  mm.  pressure, 
according  to  the  following  formula: 

Fo  = _ Y±(P~ 

760  (1  +  0.003670 

where  Vo  =  volume  in  cubic  centimeters  under  standard 
conditions;  a  =  vapor  pressure  in  mm.  mercury  of  chlorine 
gas  over  calcium  chloride  solution  saturated  with  chlorine 
gas  at  some  temperature,  t,  of  chlorination;  Vt  =  volume  of 
chlorine  gas  at  chlorination  temperature,  t;  P  =  barometric 
pressure  in  mm.  mercury. 

Note — Calcium  chloride  solution  for  the  gas  buret  and  the  Hempel 
gas  pipet:  A  solution  saturated  at  room  temperature  with  respect  both  to 
calcium  chloride  and  chlorine  gas  is  prepared  and  filtered  for  use. 

Table  I  furnishes  data  for  making  the  calculations  accord¬ 
ing  to  the  above  formula. 


Table  I — Constants  for  Chlorine  Consumption 


0  c. 

a 

760  X  (1  +  0.( 

24.5 

17.3 

828.36 

25.0 

18.0 

829.76 

26.0 

19.4 

832.57 

27.0 

20.8 

835.40 

28.0 

22.0 

838.12 

29.0 

23.5 

840.96 

30.0 

25.0 

843.66 

31.0 

26.4 

846.48 

32.0 

29.0 

849.30 

The  percentage  of  chlorine  consumed  may  be  obtained  by 
substitution  of  the  proper  values  in  the  following  formula: 


Per  cent  chlorine  consumed 


Vo  X  0.0031675  X  100 
O.  D.  weight  of  sample 


where  the  weight  of  1  cc.  of  chlorine  gas  at  standard  tempera¬ 
ture  and  pressure  =  0.0031675  gram. 

The  percentage  of  chlorine  forming  hydrochloric  acid  in 
the  process  is  obtained  by  titration  of  the  water  used  in  wash¬ 
ing  the  sample  immediately  after  the  several  chlorination 
treatments. 


Results 

To  establish  data  relative  to  the  reproducibility  of  results 
by  the  new  crucible  method  for  the  estimation  of  cellulose  and 
to  obtain  comparative  data  showing  the  relationship  of  this 
method  to  the  other  methods  from  which  it  was  derived,  sev¬ 
eral  series  of  experiments,  results  of  which  are  recorded  in 
Table  II,  were  performed  on  a  sample  of  sound  white  spruce 
wood,  Picea  glauca  (Moench)  Voss. 

The  data  show  the  comparative  yields  of  cellulose  obtained 
by  three  methods  of  analysis  namely,  Schorger’s,  Ritter’s, 
and  the  crucible  method  described  herein.  In  the  first  two 
methods  the  wood  was  chlorinated  in  beakers  placed  in 
Schorger’s  chlorination  apparatus. 

In  order  to  show  the  effect  of  the  size  of  particle  on  the 
results  obtained  by  the  crucible  method  in  comparison  with 


the  findings  of  Mahood  and  Cable,2  analyses  were  made  on 
portions  of  the  wood  ground  to  three  different  degrees  of 
fineness.  A  log  having  ^seventy  annual  growth  rings  was 
quartered,  air-dried  at  about  50°  C.,  and  cut  into  sawdust. 
This  sawdust  was  ground  tq  pass  a  40-mesh  standard  sieve 
and  the  portion  that  remained  on  a  60-mesh  sieve  was  placed 
in  cloth  bags  of  75  grams  capacity.  These  were  extracted  with 
the  alcohol-benzene  mixture  and  designated  sample  396. 
Some  of  this  40-60  mesh  extracted  sawdust  was  then  reground 
until  it  passed  a  60-mesh  sieve  and  the  part  that  was  retained 
on  an  80-mesh  sieve  was  designated  as  sample  396B.  The 
material  passing  the  80-mesh  and  remaining  on  a  100-mesh 
sieve  was  designated  sample  396A. 

In  Shorger’s  method  the  periods  of  chlorination  were  30, 
20,  15,  and  10  minutes,  respectively;  in  both  Ritter’s  and 
the  author’s  methods  the  sawdust  was  subjected  to  four 
3-minute  chlorination  periods.  The  data  recorded  under 
sample  Va18  represent  white  spruce  wood,  which  was  analyzed 
several  years  previous  by  the  method  of  Schorger.  It  is 
added  for  comparative  purposes  only. 

Application  of  Schorger’s  method  gave  higher  yields  of 
cellulose  from  80-100  mesh  sawdust  than  were  obtained  from 
40-60  mesh  material.  The  cellulose  obtained  from  the  finer 
ground  material,  however,  was  degraded  to  a  greater  extent 
than  that  obtained  from  the  coarser  ground  sawdust.  This 
is  evidenced  by  the  low  yields  of  alpha-cellulose  and  also  by 
the  physical  characteristics  of  the  alpha-cellulose — namely, 
its  gelatinous  condition.  These  results  compare  well  with 
those  of  sample  Ya,  which  had  been  treated  in  the  same 
manner. 

In  using  the  short  chlorination  method  of  Ritter,  higher 
values  for  cellulose  were  also  obtained  with  the  80-100  mesh 
material  than  with  the  40-60  mesh  sawdust.  However,  by 
the  short  chlorination  methods  the  cellulose  from  the  finer 
ground  material  was  not  degraded  as  in  Schorger’s  method; 
as  shown  by  the  uniformly  high  values  for  alpha-cellulose. 
These  experiments  confirm  the  work  of  Ritter — namely,  that 
the  short  chlorination  period  gives  higher  yields  of  alpha- 
cellulose — indicating  less  degradation  of  the  cellulose  than  is 
caused  by  the  longer  periods  of  chlorination. 

Chlorination  by  the  crucible  method  described  in  this 
paper  gave  approximately  the  same  values  for  cellulose 
regardless  of  the  size  of  particle  used  in  the  experiments — 
namely,  40-60,  60-80,  and  80-100  mesh  sawdust.  In  addition, 
practically  the  same  percentage  of  chlorine  was  consumed  in 
isolating  the  cellulose,  although  the  samples  of  wood  were 
ground  to  3  degrees  of  fineness. 

The  alpha-cellulose  content  is  slightly  higher  in  the  cellulose 
obtained  from  the  coarser  material.  This  indicates  that  the 
cellulose  from  the  finer  ground  sawdust  is  hydrolyzed  to  a 
slightly  greater  extent  than  that  from  the  coarser  sawdust. 

The  final  permanganate  bleach  of  Schorger’s  method  was 
omitted  in  the  new  crucible  method,  as  this  procedure  does 
not  appear  to  affect  the  yield  of  cellulose  or  the  lignin  content 
of  the  cellulose. 

The  lignin  content  of  the  cellulose  samples  was  identical 
regardless  of  whether  the  long  chlorination  periods  of  Schorger 
or  the  short  chlorination  periods  of  the  new  crucible  method 
were  used.  This  confirms  the  work  of  Ritter,6  in  which 
comparison  was  made  of  the  lignin  content  of  cellulose  ob¬ 
tained  in  Schorger’s  apparatus  by  the  long  and  short  periods 
of  chlorination.  The  0.6  per  cent  of  lignin,  remaining  in  the 
cellulose,  is  very  difficult  to  completely  remove  with  sodium 
sulfite  even  after  the  prolonged  periods  of  chlorination.  This 
fact  is  further  substantiated  by  Haug19  in  his  work  on  the 
cellulose  determination  of  cereal  straws. 

18  Kress  and  others,  U.  S.  Dept.  Agr.,  Bull.  1298  (1925). 

19  Haug,  “Uber  die  Natur  der  Cellulose  aus  Getreidestroh,”  Berlin,  1916. 
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Table  II — Comparative  Analytical  Data  on  Cellulose  of  Alcohol-Benzene  Extracted  Spruce  Wood,  Obtained  by  Three  Methods 

(Results  based  on  oven-dry  weight  of  original  wood) 


Lignin 


Sam¬ 

Fineness 

of 

Detn.  Ma-  Cellu- 

Al-  in 

PHA-  CEL- 
Cellu-  lu- 

Consumption 
of  Chlorine 

As 

ple 

No. 

TERIAL 

Mesh 

LOSE  LOSE  LOSE  Total 
%  %  %  % 
SCHORGER’S  METHOD 

HC1 

% 

Remarks 

Va 

... 

60-80 

58.5 

37.1 

U.  S.  Dept.  Agr., 
Bull.  1298 

396 

105 

40-60 

58.0 

43.5 

Final  KMnOt 

bleach 

396 

106 

40-60 

59.2 

43.5  0.57 

Final  KMnOt 

bleach  * 

396A 

103 

80-100 

60.0 

36.8“  0.60 

Final  KMnOt 

bleach 

396 A 

104 

80-100 

60.2 

37.2a  0.57 

RITTER’S  METHOD 

Final  KMnOt 

bleach 

396 

107 

40-60 

61.2 

45.0 

Final  KMnOt 

bleach 

396 

108 

40-60 

61.5 

44.7 

Final  KMnOt 

bleach 

396A 

105 

80-100 

62.5 

44.3 

.  , 

No  final  bleach 

396 A 

106 

80-100 

62.3 

44.3 

bray’s*1  method 

No  final  bleach 

396 

103 

40-60 

62.7 

.. 

37.2 

Alundum  crucible 
for  weighing 

396 

104 

40-60 

62.6 

46.1 

Alundum  crucible 
for  weighing 

396 

109 

40-60 

62.6 

46.0  .. 

34.6 

Alundum  crucible 
for  weighing 

396 

110 

40-60 

63.0 

46.0 

34.5 

Alundum  crucible 
for  weighing 

396 

111 

40-60 

62.5 

44.7 

35.9 

Alundum  crucible 
for  weighing 

396 

112 

40-60 

62.7 

Lost 

35.2 

Alundum  crucible 
for  weighing 

396 

113 

40-60 

62.3 

44.9 

37.5“ 

Glass  crucible 

throughout 

396 

114 

40-60 

62.6 

45.1 

36.1 

Glass  crucible 

throughout 

396 

115 

40-60 

63.0 

44.7  .. 

37.7 

Glass  crucible 

(too  moist) 

a  The  alpha-cellulose  was  gelatinous  and  very  difficult  to  filter  and  wash. 
b  The  final  KMnOi  bleach  was  not  used  in  any  of  the  determinations 
by  the  crucible  method. 

c  Sample  given  five  chlorinations;  all  others  given  four  chlorinations. 
d  Part  of  lignin  passed  through  the  alundum  crucible  during  filtration. 


The  results  recorded  in  Table  II  show  that  the  Jena  glass 
crucible  may  be  used  for  the  final  washing,  drying,  and  weigh¬ 
ing  of  the  cellulose  residue  in  place  of  the  alundum  crucible. 
It  was  noticed  that  several  of  the  Jena  glass  crucibles  seemed 
to  lose  a  little  weight  during  the  operation,  and  it  is  therefore 
necessary  to  weigh  them  before  and  after  use  and  to  apply 
a  correction  where  losses  occur.  This  sometimes  takes  place 
also  with  alundum  crucibles. 


Conclusions 


The  short  method  for  the  determination  of  cellulose  offers 
the  following  advantages  over  former  methods : 


Lignin 

Fineness  Al-  in  Consumption 

of  pha-  Cel-  of  Chlorine 


Sam¬ 

ple 

Detn. 

No. 

Ma-  Cellu- 

TERIAL  LOSE 

Cellu-  lu- 

LOSE  LOSE 

Total 

As 

HC1 

Remarks 

396 

116 

Mesh 

40-60 

% 

62.0 

%  %  % 

BRAY’S*1  method 
44.8  . .  37.1 

% 

Glass  crucible 

Average 
396B  101 

60-80 

62.6 

63.1 

45.3 

44.7 

36.2 

35.2 

21.7 

throughout 

Alundum  crucible 

396B 

102 

60-80 

62.7 

44.4 

37.0 

21.3 

for  weighing 
Alundum  crucible 

396  B 

103 

60-80 

62.7 

43.8 

35.7 

21.5 

for  weighing 
Alundum  crucible 

396B 

104 

60-80 

62.9 

43.9 

34.8 

20.6 

for  weighing 
Alundum  crucible 

396B 

105 

60-80 

63.0 

44.2 

34  .-9 

21.0 

for  weighing 
Alundum  crucible 

396B 

106 

60-80 

63.1 

44.0 

35.5 

Lost 

for  weighing 
Alundum  crucible 

396B 

107 

60-80 

62.7 

0.60 

35.8 

21.9 

for  weighing 
Alundum  crucible 

396  B 

108 

60-80 

62.7 

0. 45<z 

36.7 

21.5 

for  weighing 
Alundum  crucible 

396B 

109 

60-80 

62.5 

0.60 

36.8 

22.7 

for  weighing 
Alundum  crucible 

Average 
396A  101 

80-100 

62.8 

62.7 

44.2 

43.7 

35.8 

35.4 

21.3 

for  weighing 

Alundum  crucible* 

396 A 

102 

80-100 

61.8 

43.2 

36.9 

for  weighing. 
Alundum  crucible- 

396A 

107 

80-100 

62.7 

43.7 

35.2 

for  weighing 
Glass  crucible- 

396A 

108 

80-100 

62.0 

44.1 

37.4 

throughout 

Glass  crucible- 

396 A 

109 

80-100 

62.1 

43.6 

34.6 

throughout 

Glass  crucible 

396A 

110 

80-100 

62.6 

43.5 

35.2 

throughout 

Glass  crucible 

Average 

62.3 

43.6 

35.8 

throughout 

1 —  It  combines  cellulose  isolation  and  chlorine  consumption 
and  through  uniform  chemical  action  results  in  higher  yields 
of  cellulose. 

2 —  -The  total  chlorine  consumed  together  with  that  forming 
hydrochloric  acid  may  be  measured  at  the  various  stages  of 
the  process. 

3—  Chlorination  is  carried  out  under  a  slight  hydrostatic 
pressure,  which  increases  the  speed  of  the  reaction  and  also 
insures  more  uniform  and  more  complete  chlorination  than 
is  secured,  when  the  sawdust  or  pulp  is  chlorinated  under 
suction  or  in  beakers. 

4 —  There  is  less  degradation  of  the  cellulose  as  shown  by 
the  alpha-cellulose  content. 

5 —  The  work  is  expedited  because  the  lignin  is  removed 
with  as  great  efficiency  in  the  short  chlorination  period  as  in 
the  long  chlorination  period. 

6 —  The  yields  of  cellulose  and  the  chlorine  consumed  are 
practically  the  same  regardless  of  the  size  of  the  particle 
chlorinated. 


Modified  Distillation  Apparatus  for  the  Chemical 

Engineering  Laboratory' 

W.  L.  Beuschlein 


Department  of  Chemical  Engineering,  University  of  Washington,  Seattle,  Wash. 


CHEMICAL  engineering  laboratories  are  not  complete 
without  fractionating  equipment  of  some  type.  The 
theory  with  derived  operating  curves  is  usually  followed 
by  the  experimental  work.  Without  laboratory  tests  of  the 
theoretical  curves  the  student  may  hesitate  to  accept  the 
establishment  of  the  working  principles. 

The  equipment  is  of  either  the  batch  or  the  continuous 
type.  Continuous-type  equipment  requires  a  large  supply 
of  raw  material  and  storage  space  for  the  residue  and  distillate. 

1  Received  July  6,  1928. 


The  usual  laboratory  does  not  have  such  facilities.  The 
continuous  operation  assures  constant  conditions,  making 
it  possible  to  obtain  excellent  data.  The  batch  still,  although 
requiring  much  less  liquor  and  storage  space  than  the  con¬ 
tinuous  type,  presents  the  difficulty  of  control  due  to  the 
constantly  changing  concentration  in  the  kettle  and  column, 
with  the  time  lag  involved.  The  frequent  adjustment  of 
the  reflux  ratio  is  exceedingly  difficult  for  students.  This 
paper  describes  a,  combination  of  the  two  systems  in  which 
a  small  quantity  of  liquor  is  recirculated  continuously,  thus 
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giving  constant  conditions  that  are  applicable  to  the  batch 
and  continuous  types. 

Figure  1  shows  the  complete  distillation  equipment.  The 
30-gallon  still,  plate  column,  and  condenser  are  of  the  usual 


design.  Thermometers  placed  in  wells  in  the  hand  hole 
covers  of  each  plate  are  useful  in  observing  temperature 
changes.  The  thermometer  placed  in  the  vapor  of  the 


kettle  indicates  kettle  concentrations.  The  piping  from  con¬ 
denser  to  kettle  converts  the  batch  process  into  a  continuous 
operation.  The  condensate  from  the  condenser  passes 
through  two  Venturi  meters,  one  for  the  reflux  and  the  other 
for  the  net  output.  With  identical  meters,  the  square  root 
of  the  quotient  of  the  manometer  readings  gives  the  reflux 
ratio,  the  liquids  metered  being  of  similar  composition.  The 
Venturi  manometers  are  of  the  2-liquid  multiplying  type. 
The  reflux  ratio  is  regulated  by  the  valve  A.  The  open  vent 
at  B  eliminates  syphoning,  thereby  insuring  a  uniform  flow 
through  either  meter. 

The  operation  is  as  follows:  Fill  the  kettle  to  the  20- 
gallon  mark  with  a  binary  mixture  and  bring  to  the  distilla¬ 
tion  temperature.  Build  up  the  condensate  composition 
by  returning  all  the  condensate  as  reflux  through  operation 
of  valve  A.  When  the  desired  condensate  composition  is 
reached  permit  a  portion  to  flow  continuously  through  the 
sight  gravity  jar  into  the  kettle.  When  constant  conditions 
are  assured,  take  readings  of  the  Venturi  manometers,  kettle 
thermometer,  and  condensate  hydrometer.  The  conditions 
evidently  represent  those  obtainable  at  some  moment  during 
a  batch  run. 

By  directing  a  fraction  of  the  condensate  through  the  cock 
D  into  a  storage  vessel,  the  kettle  concentration  can  be  de¬ 
creased  and  a  new  set  of  conditions  established.  From  a 
series  of  such  findings,  the  operation  of  the  batch  type  can 
be  represented  by  a  plot  of  reflux  ratio  vs.  kettle  concentra¬ 
tion.  For  easy  reference  the  same  relationship  can  be  ex¬ 
pressed  with  the  square  root  of  the  quotient  of  the  manometer 
readings  plotted  against  kettle  temperatures. 

Curves  for  continuous  operation,  effect  of  boiling  rate, 
plate  and  thermal  efficiencies  as  functions  of  appropriate 
variables  can  be  obtained  in  a  similar  way.  The  equipment 
described  is  operated  with  very  satisfactory  results,  in  the 
Chemical  Engineering  Laboratory  of  the  University  of  Wash¬ 
ington. 


An  Examination  of  Possible  Indicators  to  Determine 

the  pH  of  Alkaline  Solutions' 

F.  R.  McCrumb  and  W.  R.  Kenny 

The  LaMotte  Chemical  Products  Company,  Baltimore,  Md. 


IN  A  number  of  industrial  processes  alkaline  solutions  are 
employed  in  which  it  is  a  decided  advantage  to  be  able  to 
measure  the  hydrogen-  or  hydroxyl-ion  concentration. 
In  many  such  processes  it  has  been  demonstrated  that  this 
factor  is  of  considerable  importance  in  itself.  In  other  cases, 
while  the  actual  pH  may  not  be  the  outstanding  factor,  it 
depends  on  the  concentration  of  the  important  constituents 
present,  and,  therefore,  its  measurement  affords  a  ready 
method  of  control.  Although  recourse  is  usually  made  to  a 
potentiometric  method  for  extremely  accurate  results,  control 
by  colorimetric  methods  is  usually  more  suitable  for  plant 
practice,  in  that  it  combines  rapidity  and  simplicity  with  an 
accuracy  sufficient  for  most  practical  purposes.  A  few  of  the 
processes  in  which  such  a  method  of  alkalinity  control  can  be 
applied  to  advantage  are  the  manufacture  of  beet  sugar, 
numerous  wet  processes  in  the  textile  industry,  the  cleaning  of 
metal  and  glass,  the  treatment  of  boiler  water,  and  the  dif¬ 
ferential  flotation  of  ores. 

1  Presented  before  the  Division  of  Physical  and  Inorganic  Chemistry 
at  the  75th  Meeting  of  the  American  Chemical  Society,  St.  Louis,  Mo., 
April  16  to  19,  1928.  Received  October  17,  1928. 


During  the  past  ten  years  pH  control  by  the  colorimetric 
method  has  been  applied  to  an  increasing  number  of  industrial 
processes,  but  until  recently  the  method  has  not  been  used  to 
any  great  extent  with  solutions  having  a  pH  greater  than  10. 
The  lack  of  satisfactory  indicators  is  probably  the  principal 
reason  for  this.  Many  indicators  have  been  recommended 
in  the  literature  and  quite  a  few  are  listed  by  the  supply 
houses  as  having  pH  ranges  between  10.0  and  14.0,  but  few 
attempts  have  been  made  to  evaluate  them.  This  investiga¬ 
tion  was  undertaken  with  the  purpose  of  determining  which  of 
these  indicators  could  be  used  in  practice.  At  first  glance  it 
would  seem  to  be  a  relatively  simple  matter  to  select  the 
necessary  indicators  from  the  forty  or  more  dyes  listed  as 
indicators  with  pH  ranges  above  10.0.  Such  has  not  been 
found  to  be  the  case. 

Experimental 

Most  of  the  dyes  that  were  examined  were  obtained  from 
commercial  firms,  and  were  listed  as  being  sufficiently  pure 
for  use  as  indicators.  Wherever  possible,  samples  were  se- 
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Indicator 


Common  name  Chemical  name 


Indigo  carmine 
Malachite  green 
Water  blue 
Alkali  blue 

Methyl  blue 

Fuchsin,  acid 

Fuchsin,  basic 
Crystal  violet 
Alizarin  blue  S 

Alizarin 

Nile  blue  A 

Purpurin 
Poirrier’s  blue 


T.  N.  T. 

Nitramine,  tetryl 


Methyl  green 
Eosin-methylene  blue 
Safranine  O 


Cresyl  blue 
Fast  red  A 


Indigo  disulfonate 
Indigo  tetrasulfonate 
Tetra-methyl  di-^-aminotriphenyl- 
carbinole 

Di-  and  trisulfonic  acids  of  tri- 
phenyl-^-  and  diphenylrosaniline 
Monosulfonic  acids  of  diphenyl¬ 
rosaniline  and  triphenyl-^-ros- 
aniline 

Di-  and  trisulfonic  acids  of  tri- 
phenylrosaniline 

Di-  and  trisulfonic  acids  of  rosani- 
line  and  £-rosaniline 
Rosaniline  and  £-rosaniline 
Hexamethyl-£-rosaniline 
NaHSCb  compound  of  dihydroxy- 
anthroquinone-/3-quinoline 

1,2-Dihydroxyanthroquinone 

Diethyldiaminonaphthophen- 
azoxonium  sulfate 
1,2,4-Trihydroxyanthroquinone 


Nitrothymolsulfonphthalein 

Nitrophenolsulfonphthalein 

1.3.5- Trinitrobenzene 

2 .4 .6- T  rinitrotoluene 

2.4.6- Trinitrophenyl  methylnitro- 
amine 

Dinitrohydroquinone  diacetate 
Methylated  crystal  violet 


Di-  and  trimethylphenosafranine 

Thymolphthalein 

m-Cresolphthalein 


5-Sulfonaphthalene-azo-/3-naphthol 


Fast  red  B 


a-Naphthalene  -  azo  -  /3  -  naphthol- 
3,6-disulfonic  acid 


Orange  G 
Benzopurpurin  B 
Eosin  BN 

Croceine  scarlet  7  B 
Alpha-naphthylamine  R  salt 
Carminic  acid 
Phenacetolin 
Orange  II 

Clayton  yellow 
Alizarin  yellow  GG 
Alizarin  yellow  R 
Tropaolin  O 
Azo  blue 


Benzene  azo-/3-naphthol-7-disul- 
fonic  acid 

Ditolyldisazo  bis  -  /3  -  naphthyl- 
amine-6-sulfonic  acid 
Dibromodinitrofluorescein 


^-Benzenesulfonic  acid  azo-/3- 
naphthol 


m-Nitrobenzeneazosalicylic  acid 
£-Nitrobenzeneazosalicylic  acid 
^-Sulfobenzeneazoresorcin 
Ditolyldisazo-bis-o:-naphthol-4-sul- 
fonic  acid 

a-Naphthol  benzein 


Strength 

Solvent 

pH  Range® 

I.  C.  T.  Found 

Per  cent 

pH  pH 

0.1 

Water 

b.  11.6-14.0  y.  b.  11.6-13.2  y. 

0.1 

Water 

.  b.  11.0-13.0  y. 

0.1 

Water 

b.  11.5-14.0  f.  . 

0.1 

Water 

.  pu.  10.0-12.0  br. 

0.2 

Alcohol 

v.  9.4-14.0  p.  b.  11.4-14.0  p. 

0.1 

Water 

b.  10. 0-13. Op.  b.  10. 0-12. 4  p. 

0.1 

Water 

r.  12.0-14.0  f.  . 

0.1 

Water 

0.05 

Water 

0.1 

Water 

0.04 

Water 

v.  10.1-12.1  p.  . 

0.04 

Water 

b.  10.2-13.0  p.  b.  9.6-10.4  p. 

0.1 

Water 

0.1 

Water 

b.  11.0-13.0  r.  pu.  10.0-11.5  br. 

0.04 

Water 

v.  9.2-11.5  y.  v.  9.2-11.5  y. 

0.04 

Water 

.  r.  9.5-11.2  y. 

0.2 

Alcohol 

c.  12.0-14.0  o.  c.  11.4-13.0  o. 

0.1 

(  Alcohol  60 

(  Water  40 

p.  11.5-14.0  o.  . 

0.1 

(  Alcohol  60 

(  Water  40 

c.  10.8-13.0  br.  c.  10.8-13.0  br. 

0.1 

j  Alcohol  60 

\  Water  40 

0.1 

Water 

0.1 

Water 

.  b.  13.0-13.8  p. 

0.1 

Water 

0.1 

Alcohol 

c.  9.3-10.5  b.  c.  9.2-10.4  b. 

0.1 

Alcohol 

.  c.  9.2-10.4  v. 

0.05 

Alcohol 

.  b.  10.8-11.4  p. 

0.1 

Water 

10.5-12.1  p.  10.4-12.0  o. 

0.1 

Water 

p.  10.5-12.5  o.  p.  10.5-12.5  o. 

0.1 

Water 

y.  11.5-14.0  p.  o.  11.2-12.4  r. 

0.05 

Alcohol 

y.  12.0-14.0  r.  . 

0.1 

Water 

p.  10.5-14.0  y.  . 

0.1 

Water 

0.05 

Water 

.  m.  10.8-11.6  p. 

0.1 

Alcohol 

.  v.  11.0-12.0  p. 

0.1 

Alcohol 

r.  10.0-13.0  c.  r.  10.0-13.0  y. 

0.05 

Water 

.  o.  10.6-12.0  r.o. 

0.1 

Water 

.  y.  12.8-14.0  o. 

0. 1 

Water 

c.  10.0-12.0  y.  1.  10.0-12.0  y. 

0.1 

Water 

y.  10.0-12.1  y.  y.  10.0-12.0  o. 

0.05 

Water 

y.  11.1-12.7  o.  y.  11.0-13.0  o. 

0.04 

Water 

v.  10.5-11.5  p.  v.  10.0-11.0  p. 

0.1 

Alcohol 

y.  8.5-  9.8  g.  y.  9.0-10.6  g. 

Objectionable 

Property 


Fading;  unstable  reagent 
Fading;  unstable  reagent 

Fading 

Fading 


Fading;  \mstable  reagent 

Fading 

Fading 

Fading;  unstable  reagent 
Fading;  unstable  reagent 

Fading;  variable  colors; 

unstable  reagent 
Variable  colors;  un¬ 
stable  reagent 

Fading;  fluorescence 

Fading;  variable  colors 

Fading 

Fading 

Fading 

Fading 

Color  development  slow 


Fading 

Color  development  slow 
Fading 

Pptn.;  unstable  reagent 
Precipitation 
Precipitation 
Precipitation 
Precipitation 
Change  not  pronounced; 
unstable  reagent 

Change  not  pronounced; 
unstable  reagent 

Change  not  pronounced 

Changes  not  pronounced 
No  change;  fluorescent 
No  change 

Change  not  pronounced 
Change  not  pronounced 
Unstable  reagent 

Change  not  pronounced 


a  Abbreviations  are  as  follows:  b,  blue;  br,  brown;  c,  colorless;  f,  fades;  g,  green;  1,  lemon;  m,  magenta;  o,  orange;  p,  pink;  pu,  purple;  r,  red; 
v,  violet;  and  y,  yellow.  I.  C.  T.  refers  to  International  Critical  Tables,  Vol.  I.,  pp.  84-88. 


cured  from  different  sources.  A  few  dyes  not  obtainable  on 
the  market  were  prepared  in  the  writers’  laboratory. 

Indicator  solutions  were  prepared  by  dissolving  weighed 
amounts  of  the  dyes  in  ethyl  alcohol  or  water,  adjusting  the 
concentration  to  give  the  most  satisfactory  intensity  when 
0.5  cc.  of  the  indicator  solution  was  added  to  10  cc.  of  the  solu¬ 
tion  to  be  tested.  All  dye  solutions  were  kept  in  glass-stop¬ 
pered  bottles  for  later  observation  as  to  their  stability. 

A  series  of  buffer  mixtures  was  prepared  extending  from 
pH  10.0  to  pH  14.0  in  intervals  of  about  0.2  pH.  The  pH 
of  each  solution  was  carefully  determined  by  means  of  a  hy¬ 
drogen  electrode,  and  all  solutions  were  used  at  once  to  guard 
against  any  change.  Several  types  of  these  mixtures  were 
employed,  since  it  was  found  that  some  dyes  gave  different 
color  changes  in  mixtures  having  different  compositions,  even 
when  the  pH  was  the  same.  This  probably  explains  why 
different  investigators  have  reported  different  color  changes 
for  some  dyes.  The  following  buffer  mixtures  were  used: 
sodium  carbonate-hydrochloric  acid  (pH  10.2  to  11. 4), 2 
glycocoll-sodium  chloride-sodium  hydroxide  (pH  10.0  to 
12.6), 3  and  borate-sodium  hydroxide  (pH  10.0  to  12.2). 3 

2  Kolthoff,  “Indicators,”  p.  146  (1926). 

8  Sorensen  and  Walbum,  International  Critical  Tables,  Vol.  I,  p.  84 
(1926). 


Above  pH  12.6  it  was  necessary  to  use  reference  solutions  of 
sodium  hydroxide.  This  required  the  use  of  variable  molal 
concentrations,  which  is  objectionable  in  the  accurate  stand¬ 
ardization  of  an  indicator,  although  not  in  a  general  investi¬ 
gation  such  as  this.  In  all  cases  the  pH  of  the  reference 
solution  was  determined  by  means  of  a  hydrogen  electrode  at 
25°  ±  1°  C. 

Each  indicator  was  examined  by  mixing  0.5  cc.  of  the  indi¬ 
cator  solution  with  10  cc.  of  each  of  the  buffer  mixtures  in  a 
tube  14  to  16  mm.  in  diameter  and  observing  the  appearance  of 
this  mixture  by  transmitted  light,  all  tests  being  made  at 
25°  ±  1°  C.  By  means  of  this  test  the  various  dyes  were 
evaluated  accordingly  as  they  fulfilled  the  qualifications  of  a 
satisfactory  indicator  for  practical  use.  Such  an  indicator 
should  give  well-defined  color  changes  over  a  relatively 
short  range;  it  should  not  be  unduly  affected  by  substances 
other  than  hydrogen  or  hydroxyl  ions;  it  should  immediately 
give  colors  that  are  stable  for  a  reasonable  length  of  time,  so 
that  there  will  be  no  errors  due  to  changes  taking  place  during 
the  determination;  its  solution  should  be  a  stable  reagent. 
An  indicator  that  fades  rapidly,  precipitates,  undergoes  change 
in  color  due  to  the  presence  of  salts,  colloidal  material,  etc., 
attains  a  stable  color  slowly,  or  is  unstable  as  a  reagent,  is  sure 
to  be  objectionable  in  industrial  control. 
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Discussion  of  Results 

The  results  of  these  tests  are  shown  in  the  accompanying 
table.  Some  spaces  are  left  unfilled  either  because  no  data 
were  available  or  because  the  results  were  of  such  a  nature 
that  they  could  not  be  recorded  without  comment.  The 
latter  cases  are  discussed  in  the  text. 

In  those  instances  in  which  no  pH  range  has  been  given, 
either  no  change  in  color  occurred  or  the  change  was  appar¬ 
ently  due  to  decomposition  or  precipitation  of  the  dye.  For 
example,  up  to  pH  11.8  the  blue  color  of  malachite  green  was 
fairly  stable,  but  above  this  fading  was  almost  instantaneous. 
Such  a  compound,  where  the  change  is  due  to  progressive 
fading,  can  hardly  be  classed  as  a  pH  indicator.  Crystal 
violet,  methyl  green,  and  the  fuchsins  acted  in  a  similar  man¬ 
ner. 

A  peculiar  phenomenon  was  noted  in  the  case  of  alizarin  and 
alizarin  blue  S.  Clark4  and  Balch6  give  conflicting  color 
changes  for  these  compounds  in  the  higher  range.  Clark, 
from  data  culled  from  the  literature,  reports  alizarin  (violet 
10.1-12.1  purple)  and  alizarin  blue  S  (green  11.0-13.0  blue), 
whereas  experimental  results  reported  by  Balch  are  alizarin 
(wine  buff  9.8-11.4  deep  violet)  and  alizarin  blue  S  (brown 
9.5-12.0  blue  green).  The  present  writers  found  that  such 
conflicting  results  were  probably  due  to  the  nature  of  the 
buffer  mixture  used.  With  carbonate  mixtures  they  were 
able  to  check  the  results  given  by  Clark  for  alizarin,  except 
that  the  range  was  10.8-12.0.  With  alizarin  blue  S  the  pres¬ 
ent  writers  found  blue  11.0-12.4  green,  a  reversal  of  the  colors 
given  in  Clark’s  table.  However,  when  borate  buffer  mix¬ 
tures  were  employed,  the  writers’  results  checked  with  those 
given  by  Balch.  The  color  changes  for  purpurin  also  varied 
with  the  buffer  mixture. 

Precipitation  is  another  source  of  error  in  determining  the 
color  change.  Buffer  mixtures  containing  safranine  at  first 
gave  a  red  color  which  gradually  changed  to  violet,  due  to 
precipitation,  which  was  quite  pronounced  at  high  alkalini- 
ties.  Tins  may  account  for  the  color  change,  red  to  violet, 
which  is  sometimes  given  for  this  dye.3  With  thymolphthal- 
ein  and  m-cresolphthalein,  precipitation  is  usually  sufficient 
to  render  these  dyes  decidedly  unsatisfactory.  It  often  causes 
a  bluish  cast,  even  in  solutions  having  a  pH  below  9.0,  which 
may  be  taken  for  the  color  of  the  indicator.  When  the  con- 

4  Clark,  "The  Determination  of  Hydrogen  Ions,”  p.  91  (1922). 

4  Balch,  Sugar,  27,  587  (1925). 


centration  of  dye  is  purposely  lowered  to  avoid  precipita¬ 
tion,  the  color  is  too  faint  except  in  a  layer  too  deep  for  a 
practical  test. 

With  dyes  which  give  fluorescence  the  color  by  reflected 
light  often  differs  radically  from  that  by  transmitted  light. 
Eosin  BN  gave  no  marked  color  changes  between  pH  10.0  and 
14.0  when  observed  by  transmitted  light.  Fluorescence  was 
marked  throughout  the  range  and  the  tubes  appeared  yellow 
by  reflected  light.  The  color  change  for  this  dye  is  given  as 
pink  10.5-14.0  yellow  in  the  International  Critical  Tables. 

Certain  of  the  dyes  developed  a  stable  color  slowly.  Dini- 
trohydroquinone  diacetate  and  trinitrotoluene  are  examples. 
When  the  former  was  added  to  buffer  mixtures  ranging  from 
pH  10.0  to  12.0,  all  the  tubes  were  yellow  at  first.  In  the 
lower  range  this  yellow  color  gradually  deepened,  while  at 
pH  11.0  and  above,  it  slowly  changed  to  a  deep  purple. 

Although  none  of  the  dyes  examined  are  as  satisfactory  as  are 
the  sulfonphthaleins  of  Clark  and  Lubs,6  and  Cohen7  at  lower 
ranges,  about  five  can  be  used  for  hydrogen-ion  work.  These 
are  alpha-naphthol  benzein,  Clayton  yellow,  alizarin  yellow 
GG,  alizarin  yellow  R,  tropaolin  O,  and  azo  blue.  Objections 
can  be  raised  against  each  of  these,  however.  The  majority 
give  color  changes  that  are  not  very  pronounced,  from  yellow 
to  deep  yellow  or  orange.  Alizarin  yellow  R  has  been  found 
to  give  misleading  lemon-yellow  shades  in  solutions  containing 
lime,  although  it  is  fairly  satisfactory  otherwise.  Tropaolin 
O  gives  quite  marked  readings,  although  it  has  been  reported 
to  have  a  rather  large  salt  error.1 2  Azo  blue  gives  a  good  color 
change  in  the  pH  range  10.0  to  11.0,  but  it  is  not  entirely 
satisfactory  much  above  or  below  this.  Alpha-naphthol  ben¬ 
zein  gives  fair  color  changes,  but  the  dye  is  low  in  tinctorial 
power. 

In  an  investigation  of  this  nature  the  matter  of  purity  of 
the  dyes  can  always  be  raised.  Since  no  spectrophotometric 
examination  of  the  dyes  was  made,  no  definite  proof  as  to 
their  purity  can  be  given.  In  general,  the  investigation  is 
an  examination  of  dyes  that  have  been  recommended  and  in 
many  cases  are  being  sold  for  the  purpose  of  pH  studies  over 
the  range  10.0  to  14.0.  As  such,  most  of  these  dyes  are  de¬ 
cidedly  unsatisfactory. 

Since  this  investigation  has  yielded  no  indicators  of  out¬ 
standing  excellence,  attempts  are  now  being  made  to  syn¬ 
thesize  new  dyes  to  cover  the  higher  pH  ranges. 

6  Clark  and  Lubs,  J .  Bad.,  2,  1,  109,  191  (1917). 

7  Cohen,  U.  S.  Pub.  Health  Repts.  41,  3051  (1926). 


Manometer  for  Determination  of  Gases  in  Vapors1 

D.  F.  Othmer2 


University  of  Michigan,  Ann  Arbor,  Mich. 


THE  rate  of  condensation  of  steam  is  largely  affected 
by  the  presence  of  a  small  amount  of  air  or  other  non¬ 
condensable  gas.  It  is  desirable  in  experiments  in 
heat  transfer  from  steam  to  tube  to  be  able  to  measure  con¬ 
veniently  and  accurately  the  amount  of  air  present.  The 
manometer  to  be  described  was  devised  and  used  in  work  of 
this  nature. 

The  dotted  section  in  the  figure  represents  the  small  boiler 
to  which  the  manometer  is  attached.  The  level  of  the  boiling 

1  Presented  as  part  of  the  paper,  "The  Condensation  of  Steam”  before 
the  Division  of  Industrial  and  Engineering  Chemistry  at  the  76th  Meeting 
of  the  American  Chemical  Society,  Swampscott,  Mass.,  September  10  to 
14,  1928. 

2  Present  address,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


water  is  indicated,  and  the  space  above  is  filled  with  the 
steam  to  be  analyzed  for  air.  The  2-mm.  Pyrex  tubing  was 
bent  as  shown  and  connected  with  rubber  tubing,  wired,  and 
cemented  on  tightly.  The  left  arm  extended  through  a 
packing  gland  and  was  turned  below  the  surface  of  the  liquid 
in  the  boiler,  while  the  right  arm  terminated  in  a  bulb  of  about 
300  cc.  capacity,  also  of  Pyrex  and  fashioned  so  as  to  drain 
completely  into  the  manometer.  A  stopcock  for  filling  was 
welded  on  the  top  of  the  left  arm. 

The  filling  of  the  tube  and  bulb  was  a  difficult  operation. 
The  open  end  was  stoppered  and  the  cock  opened  and  con¬ 
nected  to  suction.  A  trap  with  a  small  amount  each  of 
mercury  and  water  was  inserted  in  the  suction  line,  so  that 
when  the  tubing  was  partially  evacuated  either  water  or 
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mercury  could  be  drawn  into 
the  system  as  desired.  The 
apparatus  finally  contained 
an  amount  of  air  in  the  bulb 
exerting  a  pressure  of  about 
400  mm.  absolute,  enough 
water  in  both  sides  to  fill  the 
tube  and  keep  a  layer  in  the 
bulb,  and  sufficient  mercury 
to  indicate  the  pressures  to 
be  read. 

If,  for  simplicity  in  ex¬ 
planation,  the  hydrostatic 
pressure  of  water  is  neg¬ 
lected  in  comparison  to  that 
of  mercury,  the  operation  of 
the  manometer  is  as  follows: 
At  thermal  equilibrium  the 
partial  pressure  of  the  steam 
in  the  bulb  is  the  same  as 
that  in  the  boiler  and  bal¬ 
ances  or  cancels  it  on  the 
manometer.  Thus  the 
manometer  reads  directly 
the  difference  of  pressure 
ii.  .  ,  r,  between  the  air  in  the  bulb 

and  that  of  the  air  in  the 
boiler.  When  no  air  is  present  in  the  boiler  steam  space, 


the  instrument  is  substantially  a  gas  thermometer,  and  the 
calibration  curve  of  pressure  against  temperature  is  nearly 
a  straight  line.  This  line  gives  the  largest  manometer  read¬ 
ing  possible  at  a  given  temperature,  and  an  addition  of  air 
to  the  steam  space  of  the  boiler  reduces  this  reading.  At  a 
given  temperature,  therefore,  the  pressure  read  on  the  manom¬ 
eter  is  subtracted  from  that  read  on  the  calibration  curve 
and  the  difference  is  directly  the  partial  pressure  of  air  in 
the  boiler. 

The  accuracy  of  the  method  is  limited  by  the  precision 
with  which  the  manometer  may  be  read,  since  Thompson3 
and  writers  of  more  recent  books  on  thermodynamics  have 
shown  that  the  vapor  pressure  of  water  is  not  affected  appre¬ 
ciably  by  as  much  as  several  atmospheres  pressure  of  an 
indifferent  gas.  Readings  to  0.5  mm.  on  an  ordinary  scale 
give  an  accuracy  of  1  part  in  2000  when  the  steam  is  slightly 
above  atmospheric  pressure. 

This  instrument  combines  the  characteristics  of  a  gas 
thermometer  with  those  of  a  vapor-pressure  thermometer, 
and  other  uses  with  other  vapors  and  gases  will  probably  be 
found  for  it.  If  the  bulb  is  filled  with  a  liquid  in  equilibrium 
with  its  vapor  in  a  pure  state,  still  other  uses  are  apparent, 
such  as  the  direct  determination  of  the  partial  pressure  of  one 
liquid  in  a  binary  solution  or  the  determination  of  the  lower¬ 
ing  of  the  vapor  pressure  of  water  by  the  addition  of  an 
electrolyte. 

3  Thompson,  ‘‘Applications  of  Dynamics  to  Physics  and  Chemistry,** 
Macmillan,  1888. 


Freeness  Testing  as  an  Aid  in  Pulp  Evaluation’ 

D.  S.  Davis 

Bureau  of  Tests,  International  Paper  Co.,  Glens  Falls,  N.  Y. 


AS  SHOWN  in  the  an¬ 
swers  to  Special  In¬ 
quiry  No.  94  con¬ 
ducted  by  the  Technical  As- 
sociation  of  the  Pulp  and 
Paper  Industry,  the  value  of 
freeness  testing  in  pulp  and 
paper  mill  control  work  is 
now  generally  conceded,  free¬ 
ness  being  defined  as  “the  rate 
of  drainage  of  water  through 
pulp”  and  being  influenced 
by  the  degree  of  hydration  of 
the  fibers,  the  fiber  length,  and  the  viscosity  of  the  water. 

The  freeness  tester  is  readily  adapted  to  use  in  the  grinder 
room,  both  to  insure  uniformity  of  groundwood  supplied  to 
the  paper  mill  and  to  assist  in  attaining  the  highest  efficiency 
from  the  pulp  stones  through  enabling  the  operator  to  decide 
when  the  stones  need  fresh  burring.  In  the  beater  room  the 
tester  may  be  used  in  determining  how  far  down  the  roll 
.  should  be  carried  to  refine  to  the  proper  point  in  a  given  time, 
which  beaters  should  be  run  for  a  longer  time  than  others  on 
account  of  worn  knives  and  bed-plates,  and  when  to  replace 
such  knives  and  plates.  Similarly,  freeness  data  are  helpful 
in  connection  with  the  operation  of  jordans  and  are  as  il¬ 
luminating  on  the  machine  data  sheet  as  percentage  moisture 
in  the  sheet  and  machine  speed.  As  a  means  of  “trouble 
shooting”  the  freeness  tester  is  as  useful  in  the  paper  mill  as  a 
portable  pH  set,  although,  of  course,  in  a  different  way.  For 

1  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  76th 
Meeting  of  the  American  Chemical  Society,  Swampscott,  Mass.,  September 
10  to  14,  1928. 


several  weeks  one  mill  mak¬ 
ing  a  high-grade  bond  paper 
was  troubled  by  a  very  seri¬ 
ous  wave  which  became  ap¬ 
parent  in  the  sheet  in  the 
cutter  room.  After  the  prob¬ 
lem  had  been  investigated 
from  all  angles,  freeness  tests 
were  made  before  and  after 
the  beaters,  before  and  after 
each  of  the  two  jordans  oper¬ 
ating  in  series,  and  in  the  ma¬ 
chine  slices  after  the  entrance 
of  save-all  water.  The  cause  of  the  wave  was  at  once  traced 
to  one  of  the  jordans  which  was  cutting  the  stock  too  finely. 

It  is  the  purpose  of  the  present  paper  to  show  that  con¬ 
siderable  time  and  labor  may  be  saved  in  the  selection  of  a 
pulp  for  the  manufacture  of  a  paper  of  certain  desired  physical 
properties  through  the  use  of  the  freeness  tester.  It  is  not 
intended  that  the  freeness  tester  should  supplant  the  usual 
physical  tests,  but  rather  that  it  be  used  in  conjunction  with 
the  Mullen  tester,  and  the  fold  and  tensile  machines.  To 
illustrate,  if  one  pulp  is  to  be  selected  from  ten,  such  that 
paper  made  from  it  will  have  a  certain  Mullen  strength  factor, 
folding  endurance,  and  tensile  test,  it  is  suggested  that  the 
change  in  freeness  on  beating  be  studied  for  all  ten  and  that 
only  the  complete  physical  tests  be  made  on  the  two  shown 
by  their  freeness  characteristics  to  be  the  most  promising. 

Experimental 

This  report  deals  with  but  two  pulps — A,  a  very  good 
bleached  sulfite  pulp,  and  B,  a  very  poor  one.  In  addition 


In  comparing  pulps  for  the  selection  of  one  which 
shall  possess  desired  physical  properties  it  is  suggested 
that  freeness  tests  be  made  at  various  intervals  of  beat¬ 
ing  time  and  that  comparison  of  the  rates  of  change  of 
freeness  will  enable  the  field  to  be  narrowed  down 
considerably.  The  usual  physical  tests  can  then  be 
made  on  only  a  few  of  the  pulps  at  a  great  saving  in 
time  and  labor.  Data  for  the  complete  comparison 
of  a  very  good  with  a  very  poor  pulp  are  presented  and  it 
is  shown  that  the  freeness  data,  by  far  the  most  ac¬ 
curate,  are  susceptible  to  rigorous  mathematical  treat¬ 
ment. 
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to  studies  of  the  rate  of  change  of  freeness,  data  regarding  the 
physical  properties  mentioned  above  were  collected  for 
both  pulps  for  purposes  of  comparison,  although  ordinarily 
the  rate  of  change  of  freeness  for  pulp  B  would  be  enough  to 
show  it  to  be  worthy  of  little  consideration. 


Table  I — Comparison  of  Actual  and  Calculated  Freeness  Values 


Beating  Time  (6) 

Freeness  (F) 

PULP 

A 

PULP 

B 

Actual 

Calcd. 

Actual 

Calcd. 

Hours 

0.00 

676 

676 

706 

706 

0.50 

592 

593 

658 

624 

1.88 

512 

514 

3.05 

472 

470 

536 

535 

5.02 

408 

412 

7.33 

355 

356 

460 

46i 

13.15 

260 

248 

390 

395 

18.58 

169 

168 

353 

348 

23.67 

303 

310 

31.28 

93 

16 

... 

Procedure — Two  kilograms  of  pulp  were  beaten  in  a 
5-kg.  experimental  beater  in  the  presence  of  110  liters  of  water, 
the  setting  of  the  roll  being  maintained  the  same  throughout 
the  investigation.  At  various  intervals  the  equivalent  of 
57  grams  of  bone  dry  stock  was  removed,  diluted  to  a  con¬ 
sistency  of  about  0.4  per  cent  in  a  tub,  and  duplicate  freeness 
tests  were  made  at  20°  C.  on  samples  drawn  from  this  diluted 
stock  using  the  1925  Model  B  Williams  freeness  tester.2 

*  Davis,  Ind.  Eng.  Chem.,  18,  631  (1926);  19,  84,  162  (1927). 


The  freeness  tests  were  further  corrected  to  a  consistency  of 
0.400  per  cent.  Additional  water  was  added  to  the  tub 
until  a  consistency  of  0.27  per  cent  was  reached  and  ten  sheets 
were  made  using  a  19  X  24  cm.  hand  mold.  No  alum  or 
sizing  material  of  any  sort  was  added.  These  sheets  were 
air-dried,  cut  to  dimension,  calendered,  and  conditioned  for 
24  hours  at  a  relative  humidity  of  65  per  cent  and  at  a  tem¬ 
perature  of  21°  C.  The  remaining  physical  tests  were  made 
as  follows:  The  distance  between  two  points  on  the  water 
mark  was  measured  for  the  determination  of  the  shrinkage  on . 
drying.  Samples  were  tested  for  tensile  strength  and  stretch 
on  the  Schopper  tensile  machine,  those  for  folding  endurance 
tests  on  the  Schopper  machine,  and  the  usual  Mullen  tester 
was  used  for  the  bursting  tests. 

Results — The  data  include  thirty  tensile  and  stretch 
tests,  sixty  freeness  tests,  one  hundred  shrinkage  determi¬ 
nations,  two  hundred  folding  tests,  and  three  hundred  Mullen 
values.  Freeness  determinations  always  check  within  1  per 
cent,  bursting  tests  show  variations  up  to  12  per  cent,  tensile 
and  stretch  tests  are  very  erratic,  and  fold  tests  often  vary  by 
50  per  cent  for  no  reason  apparent  to  the  eye.  From  a  con- 
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Table  II — Comparison  of  Other  Properties  of  Pulps  A  and  B 


Beat¬ 

ing 

Time 

Mullen  Strength  Factor 
(100  X  leg.  per  sq.  cm.  per  kg. 
ream  weight) 

Folding  Endurance 

Tensile  Strength 

Rate  of  Change  of 

Freeness 

Pulp  A 

Pulp  B 

Ratio 

Pulp  A 

Pulp  B 

Ratio 

Pulp  A 

Pulp  B 

Ratio 

Pulp  A 

Pulp  B 

Ratio 

Hours 

No.  double  folds 

Kg.  per  sg.  cm. 

Cc. 

per  hour 

4 

12.13 

5.01 

2.42 

3750 

15 

250 

3.8 

1.5 

2.5 

-29.5 

-19.6 

1.50 

8 

13.67 

6.70 

2.04 

4120 

29 

142 

4.5 

2.2 

2.0 

-20.8 

-13.0 

1.60 

12 

14.16 

7.05 

2.01 

3500 

44 

80 

4.8 

2.7 

1.8 

-17.0 

-10.2 

1.67 

16 

14.32 

7.32 

1.96 

3030 

59 

51 

5.1 

3.2 

1.6 

-14.8 

-  8.7 

1.70 

20 

14.41 

7.58 

1.90 

2730 

73 

37 

5.4 

3.4 

1.6 

-13.2 

-  7.6 

1.74 

24 

14.49 

7.83 

1.85 

2650 

88 

30 

5.5 

3.7 

1.5 

-12.0 

-  6.8 

1.77 

sideration  of  these  facts  and  Figures  1  to  4,  in  which  the  data 
are  plotted,  it  is  evident  that  the  freeness-time  data  alone 
are  suited  to  any  considerable  mathematical  treatment, 
largely  because  such  data  are  obtained  by  working  with  wet, 
almost  fluid  material  under  conditions  where  sampling  is 
easy  and  accurate.  The  bursting  strength  data  are  next  best, 
but  cannot  compare  in  accuracy  with  the  freeness  values  and, 
except  for  only  part  of  the  range,  the  bursting  strength  bears 
no  very  simple  relation  to  the  beating  time. 

It  has  been  suggested3  that  for  the  same  pulp  the  rate  of 
change  of  freeness  with  time  affords  a  satisfactory  means  of 
comparing  the  performance  of  two  beaters.  Conversely, 
using  the  same  beater,  the  rates  of  change  of  freeness  with 
time  should  afford  a  valuable  comparison  of  the  ease  with 
which  two  pulps  may  be  beaten.  Figure  1  is  a  plot  of  freeness 
against  time  for  the  two  pulps,  A  and  B,  considered  here,  and 
the  slopes  of  these  curves  are  the  rates  of  change  of  freeness 
with  respect  to  time.  These  slopes  cannot  be  determined 
graphically  with  accuracy,  but  it  is  evident  that  they  are 
given  by  the  first  derivatives  of  freeness  with  respect  to  time 
and  are  readily  found  once  the  equations  connecting  freeness 
and  time  are  known.  Fairly  simple  exponential  equations 
were  found  to  fit  these  curves  very  closely,  as  indicated  by 
a  comparison  of  actual  and  calculated  freeness  values  fisted 
in  Table  I.  For  pulp  A  the  equation  is 
F  =  676  -  118  e0-60 
and  the  first  derivative  is 


For  pulp  B  the  equation  is 

*  Davis,  Pulp  Paper  Mag.  Cart.,  24,  987  (1926). 


F  =  706  —  108.3  00-41 
and  the  first  derivative  is  given  by 


Table  II  gives  a  comparison  of  values  for  the  two  pulps 
together  with  the  ratio  of  the  A  to  the  B  value  at  various 
times  of  beating. 

Conclusions 

From  a  consideration  of  the  plots  and  tabular  data,  it  is 
evident  that  pulp  A  is  by  far  the  superior  pulp,  that  for  pulp 
A  the  maximum  fold  is  developed  after  beating  6  hours,  that 
both  less  and  more  beating  than  that  accomplished  in  6  hours 
result  in  considerably  decreased  folding  endurance,  that 
shrinkage  for  both  pulps  becomes  linear  with  time  after  4 
hours’  beating,  and  that  the  bursting  strength  increases  very 
little  after  10  hours’  beating.  There  is  no  reason  why  such 
comparative  data  could  not  be  duplicated  by  the  use  of  any 
beater.  However,  instead  of  beating  to  the  time  intervals  of 
this  test,  it  would  be  necessary  to  beat  to  the  freeness  values 
reported  at  these  time  intervals. 

The  ratio  of  Mullen  strength  factors  as  shown  in  Table  II 
varies  from  2.42  to  1.85,  or  24  per  cent,  the  ratios  of  folding 
endurances  from  250  to  30,  or  88  per  cent;  the  ratios  of 
tensile  strengths  from  2.5  to  1.5,  or  40  per  cent;  the  ratios 
of  rates  of  change  of  freeness  from  1.50  to  1.77,  or  18  per  cent, 
which  is  the  most  constant.  This,  together  with  the  ease, 
accuracy,  and  rapidity  of  the  freeness  tests  and  their  sus¬ 
ceptibility  to  mathematical  treatment,  leads  to  the  suggestion 
that  rate  of  change  of  freeness  be  used  as  a  preliminary  means 
of  comparing  pulps. 


A  Standard  Method  for  Determining  the  Viscosity 
of  Cellulose  in  Cuprammonium  Hydroxide' 

By  the  Committee  oh  the  Viscosity  of  Cellulose,  Division  of  Cellulose  Chemistry,  American  Chemical  Society 


THE  determination  of  the  viscosity  of  the  cellulose  dissolved 
in  cuprammonium  hydroxide  solutions  has  become  a  rou¬ 
tine  procedure  among  most  users  of  chemical  cellulose, 
and  many  of  them  include  this  viscosity  in  their  specifications 
for  purchasing  the  cellulose.  Since,  however,  the  viscosity  may 
vary  many  hundred  per  cent  according  to  the  method  of  making 
the  measurement,  and  since  no  two  laboratories  have  adopted 
the  same  procedure,  a  committee  was  appointed  by  the  Cellulose 
Division  of  the  American  Chemical  Society  to  determine 
one  procedure  that  could  be  satisfactorily  used  by  all  laboratories. 
A  large  amount  of  work  was  done  by  the  various  members 

1  Received  September  10,  1928.  Presented  at  the  74th  Meeting  of  the 
American  Chemical  Society,  Detroit,  Mich.,  September  5  to  10,  1927. 
At  this  meeting  the  Cellulose  Division  voted  to  adopt  this  method  as  a 
tentative  standard,  to  be  adopted  later  as  an  official  method  if  it  proved  to 
be  satisfactory. 


of  the  committee,  and  descriptions  of  the  methods  used  by  most 
of  the  laboratories  making  these  tests  were  obtained.  The 
method  described  below  is  a  composite  of  the  various  methods 
used,  but  it  is  also  practically  the  same  as  the  methods  used  by 
some  of  the  largest  users  of  chemical  cellulose. 

Since  the  method  is  merely  a  tentative  one,  and  will  surely 
not  be  the  most  satisfactory  method  for  all  users,  some  of  the 
points  are  discussed  at  some  length. 

Solvent 

There  are  two  common  methods  of  making  up  cuprammonium 
solutions.  One  is  to  prepare  dry  cupric  hydroxide  powder  and 
to  add  this  and  ammonia  to  the  cellulose.  This  has  generally 
been  found  unsatisfactory,  however,  and  the  following  method 
is  preferred:  Clean  copper  turnings  are  placed  in  a  glass  tube 
about  26  inches  (66  cm.)  in  length  and  4  to  6  inches  (10  to  15 
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cm.)  in  diameter.  Strong  ammonia  water  (26  to  28  per  cent 
NHj)  containing  10  grams  of  sucrose  per  liter  is  then  poured  in 
until  the  tube  is  nearly  full,  and  air  is  bubbled  up  through  it 
for  several  hours.  It  is  well  to  have  the  tube  surrounded  with 
ice  diming  this  time.  When  the  copper  concentration  is  more 
than  3  per  cent  as  shown  by  rough  analysis,  the  solution  is  ana¬ 
lyzed  for  copper  and  ammonia.  To  determine  when  the  con¬ 
centration  is  high  enough  for  the  analysis,  add  about  0.5  cc.  of 
the  cuprammonia  solution  to  50  cc.  of  ammonia  water  and  com¬ 
pare  the  color  with  that  of  another  tube  prepared  from  a  standard 
solution  in  the  same  manner.  The  cuprammonium  solution 
is  then  diluted  to  the  standard  concentration.  Dilution  is  made 
by  addition  of  water  containing  10  grams  of  sucrose  per  liter 
and  the  calculated  amount  of  ammonia.  The 

| - 1  standard  concentration  is  30  ±  2  grams  of 

(  J  copper,  165  =±=  2  grams  of  ammonia,  and  10 

grams  of  sucrose  per  liter.  This  solution  is 
stored  in  a  dark,  cold  place  when  not  needed. 
It  may  be  kept  for  a  month  in  this  way. 

The  analysis  for  copper  may  be  done  elec- 
trolytically  or  by  weighing  as  copper  oxide 
after  evaporation  and  ignition,  according  to 
standard  practice. 

The  analysis  for  ammonia  is  sometimes 
done  by  direct  titration,  adding  it  to  standard 
acid  and  titrating  back  with  standard  alkali, 
but  this  method  gives  somewhat  too  high  re¬ 
sults  due  to  the  formation  of  copper  hydrox¬ 
ide.  It  is  best  to  add  strong  alkali  to  a 
portion  of  the  cuprammonium  solution,  distil 
into  a  standard  acid,  and  titrate  back  with 
standard  alkali. 

The  chief  reason  for  believing  the  solution 
prepared  by  the  above  method  is  superior  to 
that  made  with  the  powder  is  that  it  will 
peptize  a  wider  variety  of  celluloses  in  a 
greater  range  of  concentrations.  It  often 
gives  a  clear  solution  when  the  powder  gives 
a  cloudy  one.  Also,  since  the  amount  of 
copper  present  in  the  solution  affects  the  vis¬ 
cosity,  it  is  better  to  have  one  fixed  amount 
as  in  the  solution  type  of  solvent  rather  than 
variable  amounts  as  is  sometimes  necessary 
when  using  the  powder  method. 

A  slight  variation  in  copper  concentration 
has  no  appreciable  effect  on  the  viscosity  when 
that  concentration  is  3  per  cent,  but  the  effect 
is  much  greater  with  lower  concentrations  such  as  are  used  with 
the  powdered  cupric  hydroxide. 

Sampling 


Figure  1 — Dissolv¬ 
ing  Bulb 


The  cellulose  used  in  making  up  a  solution  should  be  selected 
by  careful  sampling,  as  different  portions  of  a  bale  may  differ 
very  much.  There  are  teasing  machines  on  the  market  which 
might  be  used  for  mixing  cellulose,  but  many  would  not  find  it 
convenient  to  have  one.  A  good  way  is  to  take  samples  from 
many  parts  of  the  bale,  or  bales,  to  be  tested,  tear  them  into 
fine  shreds,  and  mix  them  carefully.  This  may  be  done  by  throw¬ 
ing  the  pieces  on  a  table  as  they  are  shredded,  then  quartering 
and  repeating  until  a  sample  of  suitable  size  has  been  obtained. 
This  gives  a  more  representative  sample  and  more  uniform  re¬ 
sults  than  if  the  sample  were  selected  from  only  one  place. 
Careful  sampling  is  essential  if  consistent  results  are  to  be  ob¬ 
tained. 


Concentration  of  Cellulose 

The  weight  of  cotton  to  be  used  in  making  up  solutions  should 
be  carefully  considered.  The  falling-sphere  viscometer  later  de¬ 
scribed  can  be  used  with  substances  of  from  30  to  300,000  centi- 
poises,  although  its  best  range  is  from  100  to  10,000  centipoises. 
Celluloses  vary  so  widely  that  no  concentration  can  be  chosen 
which  will  be  sure  to  give  viscosities  within  these  limits.  There¬ 
fore,  some  laboratories  use  2.5  grams  of  cotton  per  100  cc.  of 
solution  for  ordinary  cotton,  5.0  grams  for  very  low-viscosity 
cottons,  and  1.0  gram  for  high- viscosity  cottons.  The  last  two 
viscosities  are  then  changed  to  the  viscosities  of  solutions  con¬ 
taining  2.5  grams  of  cotton  by  the  application  of  Joyner’s  law.2 
As  this  law  is  somewhat  uncertain,  it  is  better  to  use  a  single 
concentration.  We  recommend  2.5  grams  of  cotton  per  100  cc. 
solvent,  except  in  the  case  of  very  high  viscosity  cotton  where 
1.0  gram  per  100  cc.  is  best.  The  viscosities  that  are  too  low  to 
be  measured  with  the  falling-sphere  viscometer  are  obtained  with 
a  special  pipet  described  later. 


*  Joyner,  J.  Chem.  Soc.,  121,  1523  (1922). 


Allowance  for  Moisture  in  Cotton 

In  weighing  out  the  cottons  it  was  found  best  to  allow  5  per 
cent  for  moisture.  Drying  by  heat  decreases  the  viscosity  in 
an  irregular  manner  and  it  requires  too  much  time  to  dry  the 
cotton  in  a  desiccator,  or  to  determine  the  moisture  in  a  separate 
sample.  If  the  relative  humidity  varies  between  35  and  60  per 
cent,  the  moisture  content  of  the  cotton  will  vary  between  4 
and  6  per  cent,  which  would  introduce  an  error  in  viscosity  read¬ 
ings  of  about  3  per  cent.  If  the  room  humidity  is  higher  than 
60  per  cent  or  lower  than  35  per  cent,  the  cotton  samples  should 
be  stored  in  a  cabinet  that  can  be  kept  at  a  humidity  of  about 
50  per  cent. 


Dissolving  Bulb 

A  convenient  form  of  bulb  for  peptizing  the  cellulose  is  shown 
in  Figure  1.  It  is  about  80  cm.  long  and  4  cm.  in  diameter, 
with  ends  drawn  out  into  tubes,  one  of  them  2  cm.  long  and  1.3 
cm.  inside  diameter  and  the  other  2.0  cm.  long  and  0.6  cm.  in¬ 
side  diameter. 

Filling  the  Bulb  in  Absence  of  Air 

The  cotton  is  placed  in  the  bulb  B,  Figure  2.  Pieces  of  heavy- 
walled  rubber  tubing  are  slipped  over  the  ends  and  securely 
wired.  The  end  a  is  clamped  and  the  other  is  fastened  to  the 
evacuating  and  filling  apparatus  by  slipping  the  rubber  tube 
onto  opening  b.  By  manipulating  stopcocks  c  and  d,  the  filling 
bulb  is  evacuated  and  flushed  three  or  more  times  with  hydro¬ 
gen  which  has  been  purified  by  passing  through  the  heated  tube 
G  containing  platinized  asbestos.  After  evacuating  again,  100 
cc.  of  cuprammonium  hydroxide  are  allowed  to  enter  the  bulb 
B  and  a  slight  pressure  is  applied  by  turning  stopcocks  c  and  d 
to  the  hydrogen.  The  rubber  tubing  at  b  is  then  clamped  shut 
and  the  bulb  slipped  off  the  apparatus.  It  is  then  tumbled  on 
a  wheel  rotating  at  about  10  r.  p.  m.  until  the  cellulose  is  dis¬ 
solved.  Stopcock  c  should  be  especially  ground,  as  the  solution 
tends  to  eat  through  the  grease. 

It  is  necessary  to  purify  the  hydrogen  because  there  is  usually 
a  slight  amount  of  oxygen  left  in  the  hydrogen  whether  it  is 
from  a  tank  or  from  another  generator.  Experiments  conducted 
with  purified  and  unpurified  hydrogen,  using  cotton  linters  from 
the  same  batch,  indicated  that  the  viscosity  may  be  lowered 
as  much  as  15  per  cent  by  using  hydrogen  direct  from  a  tank 
rather  than  the  purified  hydrogen.  If  hydrogen  from  a  tank  is 
used,  a  mercury-sealed  safety  valve  will  safeguard  the  apparatus 


Figure  2 — Apparatus  for  Determining  the  Viscosity  of  Cotton 
in  Cuprammonium  Solution 
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against  excessive  pressures.  Nitrogen,  if  carefully  freed  from 
oxygen,  may  be  used  in  place  of  hydrogen,  if  it  is  preferred. 

Falling- Sphere  Viscometer 

The  falling-sphere  viscometer  consists  of  a  tube  30  cm.  long 
and  1.4  ±  0.05  cm.  inside  diameter,  with  the  lower  4  cm.  drawn 
down  to  1  cm.  outside  diameter.  It  is  etched  every  5  cm.,  and 
placed  inside  a  larger  tube  which  serves  as  a  water  jacket.  Water 
is  pumped  through  this  jacket  from  a  constant-temperature 
bath  maintained  at  25°  ±  0.1°  C.  If  two  200-watt  lamps  are 
placed  in  the  back  of  this  tube,  and  if  sheets  of  pasteboard  with 
slits  cut  so  as  to  allow  the  light  to  shine  only  through  the  blue 
solution  itself  are  placed  on  each  side  of  the  tube,  the  readings 
are  much  easier  to  take.  A  piece  of  blue  color  filter  has  also 
been  found  to  help,  for  it  removes  the  mottled  appearance  of 
the  solution,  giving  a  sharper  outline  to  the  sphere.  Care  must 
be  taken  in  using  the  lights,  for  strong  light  causes  a  decrease 
in  the  viscosity  due  to  both  photochemical  action  of  the  blue 
and  ultra-violet  light  and  to  the  heating  effect  of  the  infra-red 
rays.  Therefore,  the  light  should  be  turned  on  for  only  a  few 
seconds  at  a  time  while  the  sphere  is  being  observed.  An  elec¬ 
tric  button  placed  on  the  floor  serves  as  an  excellent  means  of 
controlling  the  lights. 


Spheres 

The  spheres  used  are  glass  beads  3.175  =*=  0.05  mm.  (Vs  inch) 
in  diameter  and  as  nearly  spherical  as  possible.  Their  specific 
gravity  should  lie  between  2.4  and  2.6.  The  spheres  are  cali¬ 
brated  in  the  viscometer  with  oil  of  known  viscosity,  such  as 
may  be  obtained  from  the  Bureau  of  Standards,  and  the  con¬ 
stants  calculated.  Glass  spheres  are  "preferred  to  steel  spheres 
because  they  are  more  easily  seen  in  a  dark  solution. 

Calibration  of  Spheres — To  calibrate  the  spheres,  the 
viscometer  tube  is  filled  with  the  standard  oil,  the  temperature 
adjusted,  and  the  spheres  dropped  through.  They  are  timed 
through  the  middle  15  cm.  of  the  tube.  The  factor  K  is  de¬ 
termined  from  the  equation 

rt  =  K  t  (D  —  d) 

where  ij  is  the  viscosity,  t  the  time,  D  the  density  of  the  sphere, 
and  d  that  of  the  liquid.  When  one  sphere  has  been  selected 
by  careful  measurement  it  should  be  weighed  and  the  other 
spheres  chosen  to  nearly  equal  it  in  weight.  They  may  then 
all  be  calibrated  and  only  those  selected  which  have  the  same 
constant  within  the  required  limits  of  error,  depending  on  the 
precision  demanded.  This  avoids  the  necessity  of  having  a 
separate  constant  for  each  sphere. 

Measurement  of  Viscosity 

The  falling-sphere  viscometer  is  filled  by  connecting  the  dis¬ 
solving  bulb  and  the  bottom  of  the  viscometer  tube  by  means 
of  a  U-tube,  and  then  applying  air  pressure  to  the  bulb.  It 
has  been  shown  that  air  does  no  harm  at  this  stage.  The  glass 
spheres  are  dropped  through  a  small  centering  tube  L,  which  ex¬ 
tends  a  short  distance  below  the  surface  of  the  liquid.  This 
insures  the  sphere  entering  slowly  without  air  bubbles.  Care 
must  be  taken  to  have  the  axis  of  the  viscosity  tube  perpendicular. 
The  time  required  for  the  spheres  to  fall  15  cm.  is  taken  and 
these  times  are  averaged  and  multiplied  by  the  constant  obtained 
by  calibrating  the  spheres  and  by  the  difference  in  density  be¬ 
tween  the  sphere  and  the  solution.  This  appears  to  be  better 
than  stating  the  viscosities  in  terms  of  seconds  or  similar  arbi¬ 
trary  units.  The  variations  in  the  walls  of  the  viscosity  tube 
and  in  the  spheres  are  taken  care  of  by  this  method  because  of 
the  calibration,  except  in  so  far  as  the  plasticity  of  the  solution 
may  come  into  play,  whereas  they  are  neglected  when  the  vis¬ 
cosities  are  stated  in  terms  of  seconds  required  for  the  spheres 
to  fall  a  definite  distance. 

Viscosity  Pipet 

When  the  viscosity  is  very  low  the  special  pipet  shown  in 
Figure  3  should  be  used  as  the  time  of  fall  of  the  glass  spheres 
becomes  too  low  for  accurate  measurements.  It  is  necessary 
to  follow  the  dimensions  given  on  the  drawing,  for  they  have 
been  determined  empirically  so  that  the  shearing  force  F  applied 
by  the  pipet  and  the  falling-sphere  glass  are  nearly  the  same, 
thus  making  it  possible  to  obtain  the  same  apparent  viscosity 
on  a  single  solution  by  both  methods  of  measuring  viscosity. 

The  pipet  is  inserted  through  the  rubber  tube  at  the  upper 
end  of  the  dissolving  bulb  until  the  lower  end  of  the  outer  tube 
T  is  in  exact  contact  with  the  liquid  level.  By  pressing  the 
rubber  bulb  R  while  the  thumb  is  held  over  the  outlet  O,  the 
solution  can  be  raised  in  the  bulb  5.  The  time  taken  for  the 
liquid  to  fall  from  one  etched  mark,  m,  to  the  other,  m',  is  the 


measure  of  viscosity.  It  is  converted  into  centipoises  by  means 
of  the  same  formula  as  used  in  calibrating  the  pipet.  The  end  of 
the  tube  T  is  crimped  in  to  prevent  side  play  of  this  tube  and  to 
avoid  breakage  at  the  junction  with  the  bulb. 

Calibration  of  Pipet — The  pipet  should  be  calibrated  by 
timing  the  outflow  of  an  oil  of  known  viscosity.  The  constant 
K  is  obtained  from  the  formula 

■q  =  K  d  t 

where  77  =  viscosity,  d  =  density  of  liquid,  and  t  =  time.  In 
using  the  pipet  the  bulbs  containing  the  cellulose  solution  are 
placed  in  a  thermostat  at  25°  C.  for  an  hour  and  then  held  in 
clamps  in  the  thermostat  with  their  necks  sticking  out.  Slight 
temperature  changes  caused  by  the  fact  that  the  pipet  is  not 
thermostated  do  not  appear  to  affect  the  results. 


Error  Due  to  Plasticity 

The  procedure  outlined 
above  has  been  found  to  give 
very  satisfactory  results 
with  a  wide  variety  of  cellu¬ 
loses.  It  does  not,  however, 
give  any  indication  of  the 
plasticity  of  the  solutions. 
But  for  routine  measure¬ 
ments,  which  are  made 
solely  for  determining  the 
degree  of  breakdown  of  the 
cellulose,  no  evidence  has 
yet  been  produced  to  show 
that  plasticity  measure¬ 
ments  are  significant. 

Precision  Required 

It  is  quite  impossible  for 
a  committee  to  state  the  de¬ 
gree  of  precision  which 
should  be  attained  in  these 
measurements.  If  all  the 
precautions  are  followed. 


Figure  3 — Cuprammonlum  Pipet 

Bore  of  capillary  =  1.0  to  1.6  mm. 
Capacity  of  bulb  5  =  5  ±  1  cc. 
Outside  diameter  of  tube  T,  9  mm. 


the  actual  determinations 
should  agree  within  1  per 
cent.  However,  it  is  some¬ 
times  impossible  to  obtain 
samples  which  are  uniform  to  this  degree,  and,  moreover,  many 
users  of  cellulose  do  not  require  their  viscosities  to  be  main¬ 
tained  this  closely.  It  seems  best,  therefore,  to  give  the  method 
with  all  the  refinements  required  for  the  greatest  accuracy, 


and  to  allow  those  laboratories  which  do  not  need  extreme  ac¬ 


curacy  to  omit  those  precautions  which  seem  to  them  to  be 
superfluous. 


Note — Since  the  Committee  feels  that  this  method  will  need  to  be  re¬ 
vised  within  a  short  time,  it  requests  that  users  of  the  method  or  of  any  other 
method  submit  detailed  criticisms  of  this  report  in  order  that  the  revised 
method  may  conform  to  the  wishes  of  as  many  laboratories  as  possible. 
Criticisms  should  be  sent  to  the  chairman,  E.  K.  Carver,  Kodak  Park, 
Rochester,  N.  Y. 

E.  K.  Carver,  Chairman  H.  Bradshaw 
E.  C.  Bingham  C.  S.  Venable 


Superiority  in  Corrosion  Resistance  Not  Found 
in  Leviathan’s  Plates 

That  service  conditions  are  in  general  more  important  than 
composition  in  influencing  the  corrosion  of  steel  ship  plate  is  the 
conclusion  reached  after  a  series  of  tests  on  representative  ma¬ 
terials  by  the  Bureau  of  Standards.  Prompted  by  the  oft-re¬ 
peated  statement  that  the  steel  ship  plate  of  the  hull  of  the 
Leviathan  has  shown  in  service  marked  superiority  in  its  resistance 
to  corrosion  by  sea  water,  the  bureau  recently  conducted  a  series 
of  laboratory  corrosion  tests  on  this  material,  together  with  a 
number  of  comparison  steels  among  which  was  included  some 
other  ship  plate. 

The  results  of  the  tests  have  not  confirmed  or  substantiated 
the  claims  which  have  been  advanced  for  the  outstanding  superior 
corrosion  resistance  of  the  Leviathan  ship  plate.  Differences  in 
service  conditions,  the  importance  of  the  influence  of  which  has 
not  been  fully  appreciated,  are  probably  the  basis  of  the  claims 
which  have  been  made  concerning  the  alleged  superior  quality  of 
this  material. 
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Determination  of  Alpha-Cellulose’ 

Report  of  Work  of  Sub-Committee  2  of  the  Division  of  Cellulose  Chemistry  of  the 

American  Chemical  Society 

George  J.  Ritter,  Chairman 


TO  MAKE  comparable  the  results  of  the  determination 
of  alpha-cellulose  by  various  investigators,  producers, 
and  consumers  of  cellulosic  materials  such  as  cotton  lin- 
ters  and  wood  pulps,  the  Alpha-Cellulose  Committee  was  ap¬ 
pointed  by  the  chairman  of  the  Division  of  Cellulose  Chemistry 
of  the  American  Chemical'  Society.  The  Committee  was 
instructed  to  conduct  the  necessary  investigative  work  in  order 
that  a  tentative  standard  method  might  be  recommended  to 
the  Cellulose  Division. 

H.  DeB.  Gray,  chairman  of  the  Cellulose  Division,  appointed 
the  following  members  of  the  Alpha-Cellulose  Committee  Feb¬ 
ruary  16,  1925:  George  J.  Ritter,  C.  A.  Brautlecht,  W.  W.  Far- 
num,  H.  LeB.  Gray,  B.  O.  Littleton,  F.  Olsen,  J.  L.  Parsons,  C.  J. 
Staud,  C.  S.  Venable,  and  S.  Wang. 

Attributes  of  a  Standard  Method 

A  method  which  is  to  be  used  by  scientific  investigators,  cellu¬ 
lose-producing,  and  cellulose-using  industries  should  be  simple 
and  accurate,  and  it  should  give  check  results  by  different  analysts 
who  are  analyzing  the  same  materials. 

Method  of  Attack 

Scope  of  Work — Believing  that  a  review  of  the  literature 
on  the  various  methods,  supplemented  by  any  necessary  experi¬ 
mental  work  on  variables,  would  make  it  possible  to  draw  up 
a  simple,  specific,  tentative  standard  method,  the  Committee 
followed  such  a  program  and  prepared  directions  for  two  methods. 
These  two  methods  were  tested  for  accuracy  in  cooperating  labora¬ 
tories.  The  test  was  made  on  five  different  cellulose  materials 
consisting  of  two  grades  of  cotton  linters  and  three  grades  of 
sulfite  pulp.  From  a  study  of  the  results  and  comments  obtained 
from  the  tests  of  Methods  I  and  II,  the  Committee  prepared 
directions  for  Method  III,  which  was  tested  in  a  manner  similar 
to  that  of  the  first  two  methods,  and,  finally  from  the  experience, 
results,  and  comments  accumulated  from  tests  of  the  three 
methods  some  further  modifications  to  the  procedure  for  deter¬ 
mining  alpha-cellulose  were  made.  These  modifications  were 
incorporated  in  the  directions  for  Method  IV,  which  was  also 
tested  by  cooperating  laboratories  on  materials  similar  to  those 
used  for  the  three  preceding  methods. 

Review  of  Literature 

A  large  number  of  methods  for  determining  alpha-cellulose 
were  reviewed.  The  procedures  were  compared  for  the  purpose 
of  classifying  the  common,  specific,  desirable,  and  undesirable 
features  of  each.  Such  a  classification  served  as  a  guide  in  de¬ 
ciding  which  variables  in  the  procedure  needed  further  study 
and  which  should  be  incorporated  in  the  tentative  standard 
method. 

Fortunately,  the  Committee  had  the  benefit  of  the  findings 
obtained  by  several  other  investigations  in  the  same  and  closely 
allied  fields.  D’Ans  and  Jaeger1 2  reported  the  effect  of  vary¬ 
ing  the  concentrations  of  alkali  on  the  swelling  of  cellulose. 
Schwalbe3  has  discussed  in  several  reports  the  results  obtained  by 
comparing  the  yields  of  alpha-cellulose  obtained  when  the  de¬ 
termination  was  made  by  different  methods.  Ross4  studied  the 
effect  on  the  yields  of  alpha-cellulose  when  some  of  the  more 
important  steps  in  the  procedure  were  varied.  Parsons5  sum¬ 
marized  the  status  of  the  alpha-cellulose  determination  in  1926. 
Porrvik6  in  a  series  of  papers  added  a  valuable  contribution  to 
the  status  of  the  alpha-cellulose  determination.  Jahn  and  Wise7 

1  Received  September  15,  1928. 

2  D’Ans  and  Jaeger,  Cellulosechemie,  6,  137  (19251 . 

s  Schwalbe,  Papier-Fabr.,  23,  477,  697  (1925);  26,  189  (1928). 

4  Ross,  Research  Notes,  Can.  Pulp  Paper  Assocn.,  1,  37,  57  (1926). 

6  Parsons,  Paper  Trade  J.,  82,  No.  8,  211  (1926). 

«  Porrvik,  Papier-Fabr.,  26,  81,  120,  133,  151,  179  (1928). 

*  Jahn  and  Wise,  Paper  Ind.,  10,  250  (1928). 


studied  the  effect  of  various  concentrations  of  the  mercerization 
solution  on  the  yields  of  alpha-cellulose. 

Experiments  on  Variables — Inasmuch  as  certain  variables 
in  the  test  procedure  cause  conflicting  results  and  opinions  both 
directly  and  indirectly  when  the  various  methods  for  determining 
alpha-cellulose  and  their  accompanying  literature  are  compared, 
the  Committee  decided  to  study  the  effect  of  the  following  varia¬ 
bles  on  the  alpha-cellulose  yield: 

(1)  Dilution  of  the  alkali-cellulose  mixture  with  water  before  filtering 

(2)  Temperature  of  wash  water 

(3)  Solubility  of  cellulose  in  the  mercerization  solution 

(а)  In  17.5  per  cent  sodium  hydroxide  solution 

(б)  In  17.5  per  cent  “sodium  hydroxide— cellulose”  solution 

(4)  Concentration  of  the  mercerizing  solution 

(5)  Mercerization  in  air  compared  to  nitrogen 

The  results  obtained  from  the  study  of  the  variables  are  given. 

(1)  Dilution  of  the  sodium  hydroxide-cellulose  solution  with 
an  equal  volume  of  water  and  stirring  immediately  preceding 
filtering  does  not  precipitate  any  beta-cellulose.  It  does  reduce 
the  viscosity  of  the  solution,  facilitates  filtering,  and  is  there¬ 
fore  a  desirable  feature  to  include  in  a  method. 

(2)  Wash  water  at  20°  C.  was  compared  with  water  at  higher 
temperatures  to  determine  the  effect  on  the  yields  of  alpha- 
cellulose.  The  results  were  in  close  agreement.  A  tentative 
standard  temperature  of  20°  C.  was  chosen  for  the  wash  water. 

(3)  The  solubility  of  cellulose  in  sodium  hydroxide  solution 
and  sodium  hydroxide  solution  containing  dissolved  cellulose 
was  compared.  The  cellulose  was  more  soluble  in  the  sodium 
hydroxide  solution. 

(4)  Of  the  methods  studied,  some  used  17.5  per  cent  and 
others  15.6  per  cent  sodium  hydroxide  as  the  mercerizing  solution. 
A  comparison  was  made  of  the  yields  of  alpha-cellulose  obtained 
by  using  those  two  concentrations  of  alkali.  The  yields  checked 
within  the  experimental  error.  The  weaker  solution  was  con¬ 
sidered  an  economic  saving  and  also  more  desirable  to  filter. 
Therefore,  15.6  per  cent  was  chosen  as  the  concentration  to  be 
used  in  Methods  I  and  II. 

(5)  A  comparison  of  the  mercerization  in  air  and  in  nitrogen 
showed  the  alpha-cellulose  yields  to  check  within  the  experimental 
error. 

Method  I 

Conditioning  of  Sample — The  cotton  is  given  no  prelimi¬ 
nary  treatment.  Pulps  are  cut  into  0.75-inch  (1.9-cm.)  squares. 
The  material  to  be  used  for  moisture  and  alpha-cellulose  deter¬ 
minations  is  placed  in  a  glass-stoppered  bottle  or  equivalent 
fruit  jar  for  48  hours  to  attain  a  uniform  moisture  content  through¬ 
out  the  sample. 

Method — Approximately  a  3-gram  sample,  weighed  accurately, 
is  placed  in  a  250-cc.  Pyrex  beaker.  Sixty  cubic  centimeters 
of  15.6  per  cent,  carbonate-free  sodium  hydroxide  solution  (17.5 
grams  of  sodium  hydroxide  in  100  cc.  of  solution)  at  20°  C.  are 
added.  With  a  short  glass  rod,  the  end  of  which  has  been  flat¬ 
tened  out  to  form  a  disk  1  cm.  in  diameter,  the  pulp  is  macerated 
until  thoroughly  disintegrated  and  penetrated  with  the  alkali 
solution.  The  beaker  is  covered  with  a  watch  glass.  After  30 
minutes’  mercerizing  treatment  in  a  water  bath  at  20°  C.,  60  cc. 
of  distilled  water  (20°  C.)  are  added  to  the  alkali-cellulose  mix¬ 
ture  followed  by  thorough  stirring.  The  contents  of  the  beaker 
are  transferred  immediately  to  a  tared  Gooch  crucible  having 
a  finely  perforated  bottom,  and  the  cellulose  is  allowed  to  form 
its  own  mat.  The  filtrate  is  poured  through  the  mat  a  second 
and  third  time,  if  necessary,  to  catch  any  fine  material.  The 
residue  in  the  Gooch  is  washed,  by  means  of  suction,  with  750 
cc.  of  distilled  water  (20°  C.).  The  suction  tube  is  disconnected, 
50  cc.  of  10  per  cent  acetic  acid  (20°  C.)  are  added  and  allowed 
to  soak  5  minutes.  Then  suction  is  applied  to  remove  the  acid. 
The  alpha-cellulose  is  washed  with  distilled  water  (20°  C.)  until 
free  from  acid.  Without  removing  from  the  Gooch,  the  alpha- 
cellulose  is  dried  at  105°  C.  to  a  constant  weight.  The  Gooch 
and  contents  are  placed  in  a  glass  weighing  bottle,  cooled  in  a 
desiccator  for  30  minutes,  and  weighed. 
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The  alpha-cellulose  yield  is  calculated  on  the  oven-dry  weight 
of  the  material.  Duplicate  3-gram  samples  for  moisture  deter¬ 
mination  are  weighed  out  at  the  same  time  that  the  samples 
for  alpha-cellulose  determination  are  taken. 

Results  of  Test — -The  results  obtained  from  the  analyses 
of  the  five  samples  of  cellulosic  materials  by  eight  cooperating 
laboratories  are  recorded  in  the  accompanying  table. 

Method  II 

The  procedure  for  Method  II  is  the  same  as  for  Method  I, 
except  that  the  time  of  mercerization  for  Method  II  is  120  min¬ 
utes. 

Results  of  Test — The  results  obtained  from  the  analyses  of 
five  samples  of  cellulosic  materials  by  seven  cooperating  labora¬ 
tories  are  recorded  in  the  accompanying  table. 

Discussion  of  Results  of  Methods  I  and  II — There  is  no 
uniform  difference  in  the  alpha-cellulose  yields  on  the  five  sub¬ 
stances  among  the  cooperating  laboratories.  That  is,  neither 
Method  I  nor  II  give  slightly  higher  yields  consistently.  From 
the  results  it  is  apparent  that,  under  the  conditions  of  maceration 
used  in  Methods  I  and  II,  a  30-minute  treatment  of  the  cellulose 
with  the  alkali  is  as  efficient  in  removing  the  so-called  beta-  and 
gamma-cellulose  as  is  a  120-minute  treatment. 

Development  of  Method  III — From  a  consideration  of  the 
comments  received  with  the  analytical  results  from  the  cooperat¬ 
ing  laboratories,  it  was  decided  that  17.5  per  cent  sodium  hy¬ 
droxide  would  be  more  acceptable  than  a  15.6  per  cent  sodium 
hydroxide  as  a  mercerizing  solution.  In  order  to  remedy  some 
other  objections  to  the  method,  the  ratio  of  alkali  to  the  cellulose 
was  increased  from  60  to  75  cc.  for  3  grams  of  cellulose.  The 
period  of  mercerization  was  increased  to  45  minutes  to  allow 
more  specific  directions  for  macerating  troublesome  cellulosic 
materials.  The  size  of  the  pulp  particles  in  the  sample  was  de¬ 
creased  from  0.75-  (1.9-cm.)  to  0.50-inch  (1.25-cm.)  squares. 

Method  III 

Preparation  and  Conditioning  of  Sample — The  cotton 
is  given  no  preliminary  treatment.  Pulps  are  cut  into  0.5-inch 
(1.25-cm.)  squares.  The  material  to  be  used  for  moisture  and 


alpha-cellulose  determinations  is  placed  in  a  glass-stoppered 
bottle  or  fruit  jar  for  48  hours  to  attain  a  uniform  moisture  con¬ 
tent  throughout  the  sample. 

Method — Approximately  a  3-gram  sample  weighed  accurately 
in  a  weighing  bottle  is  placed  in  a  250-cc.  Pyrex  beaker.  Seventy- 
five  cubic  centimeters  of  17.5  per  cent,  carbonate-free  sodium 
hydroxide  solution  (17.5  grams  of  sodium  hydroxide  in  100  grams 
of  solution)  at  20°  C.  are  added.  (See  Notes  for  the  preparation 
of  same.)  With  a  short  glass  rod,  the  end  of  which  has  been 
flattened  out  to  form  a  disk  1  cm.  in  diameter,  the  pulp  or  cotton 
is  macerated  until  thoroughly  disintegrated  and  penetrated 
with  the  alkali  solution.  The  beaker  is  covered  with  a  watch 
glass.  After  45  minutes’  mercerization  treatment  in  a  water 
bath  at  20°  C.,  75  cc.  of  distilled  water  (20°  C.)  are  added  to  the 
alkali-cellulose  mixture  followed  by  thorough  stirring.  The 
contents  of  the  beaker  are  immediately  transferred  to  a  40-cc. 
Gooch  crucible  (see  Notes)  having  a  finely  perforated  bottom, 
and  the  cellulose  is  allowed  to  form  its  -own  mat.  The  filtrate 
is  poured  through  a  second  and  third  time,  if  necessary,  to  catch 
any  fine  material.  The  residue  in  the  Gooch  crucible  is  washed 
by  means  of  suction  with  750  cc.  of  distilled  water  (20°  C.). 
The  suction  is  disconnected,  40  cc.  of  10  per  cent  acetic  acid 
(20°  C.)  are  added  and  allowed  to  soak  5  minutes.  Then  the 
suction  is  applied  to  remove  the  acid.  The  alpha-cellulose  is 
washed  with  distilled  water  (20°  C.)  until  free  from  acid.  Lit¬ 
mus  paper  is  used  to  test  the  filtrate  (see  Notes).  The  alpha- 
cellulose  is  carefully  removed  from  the  Gooch  to  a  tared,  flat, 
glass-stoppered  weighing  bottle.  The  alpha-cellulose  sample 
is  opened  and  dried  at  105°  C.  to  a  constant  weight  (see  Notes). 
The  weighing  bottle  and  its  contents  are  allowed  to  cool  in  a  desic¬ 
cator  for  30  minutes  and  then  weighed. 

The  alpha-cellulose  yield  is  calculated  on  the  oven-dry  weight 
of  the  material.  Duplicate  3-gram  samples  for  moisture  deter¬ 
mination  are  weighed  out  at  the  same  time  that  the  samples 
for  alpha-cellulose  determination  are  taken. 

Notes  on  Method  III — (1)  Preparation  of  Sodium  Hydroxide  Solution . 
The  sodium  hydroxide  solution  is  prepared  by  dissolving  sticks  of  alkali  in 
an  equal  weight  of  water  and  allowing  to  stand  10  days  for  the  sodium 
carbonate  and  impurities  to  settle.  The  clear  supernatant  liquid  is  de¬ 
canted,  diluted  with  an  equal  volume  of  carbon  dioxide— free  water,  cooled 


Average  of  Triplicate  Determinations  of  Alpha-Cellulose  Content  and  Variation  from  Average  of  Materials  Tested 

(Results  based  on  oven-dry  weight  of  materials) 


Laboratory 

Cotton  1-A 

Cotton  1-B 

Pulp  1 

Pulp  2 

Pulp  3 

At. 

Var.  from  av. 

Av. 

Var.  from  av. 

Av. 

Var.  from  av. 

Av. 

Var.  from  av. 

Av. 

Var.  from  av. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Method  I 

A 

99.50 

+0.07 

91.64 

-0.86 

88.66 

-0.17 

83.21 

-0.30 

82.97 

+  0.61 

B 

99.62 

+0.19 

95.21 

+2.70 

87.71 

+0.88 

85.90 

+2.39 

84.68 

+2.32 

C 

99.52 

+0.09 

91.36 

-1.14 

86.37 

-0.46 

83.02 

-0.49 

86.63 

+0.27 

D 

99.17 

-0.26 

91.70 

-0.80 

86.79 

-0.04 

83.57 

+0.06 

82.42 

+0.06 

E 

99.36 

-0.07 

92.36 

-0.14 

86.33 

-0.50 

82.24 

-1.27 

80.14 

-2.22 

F 

99.09 

-0.34 

91.59 

-0.91 

86.44 

-0.39 

83.21 

-0.30 

81.96 

-0.40 

G 

99.60 

+0.17 

93.56 

+  1.06 

87.05 

+  0.22 

82.92 

-0.59 

82.79 

+  0.43 

H 

99.60 

+0.17 

92.60 

+0.10 

87.34 

+0.51 

84.05 

+0.54 

81.30 

-1.06 

Average 

99.43 

0.17 

92.50 

0.96 

86.83 

0.39 

83.51 

0.75 

82.36 

0.92 

Method  II 

A 

99.26 

-0.08 

92.38 

-0.13 

86.63 

-0.22 

83.85 

+0.47 

82.74 

+  0.51 

B 

99.63 

+0.29 

95.09 

+2.58 

88.34 

+  1.49 

85.63 

+2.25 

83.95 

+  1.72 

C 

99.42 

+0.08 

91.95 

-0.56 

86.82 

-0.03 

82.15 

-1.23 

81.68 

-0.55 

D 

99.30 

-0.04 

93.00 

+0.49 

86.57 

-0.18 

83.07 

-0.31 

81.85 

-0.38 

E 

99.29 

-0.05 

91.35 

-1.16 

86.41 

-0.44 

82.54 

-0.84 

80.25 

-1.98 

F 

99.20 

-0.14 

91.67 

-0.84 

86.28 

-0.57 

83.12 

-0.26 

81.85 

-0.38 

G 

99.26 

-0.08 

92.14 

-0.37 

86.92 

+0.07 

83.34 

-0.04 

83.32 

+  1.09 

Average 

99.34 

0.11 

92.51 

0.88 

86.85 

0.43 

83.38 

0.77 

82.23 

0.94 

Cotton  40 

Cotton  50 

Pulp  10 

Pulp  20 

Pulp  30 

Method  III 

A 

99.84 

+0.52 

93.46 

+0.52 

87.35 

+0.34 

84.68 

+  0.49 

84.59 

+0.96 

B 

99.35 

+0.03 

92.56 

-0.38 

86.71 

-0.30 

84.31 

+0.12 

83.36 

-0.27 

C 

99.41 

+0.09 

94.02 

+  1.08 

87.13 

+0.12 

85.55 

+  1.36 

83.65 

+  0.02 

D 

99.78 

+0.46 

91.86 

-1.08 

86.50 

-0.51 

84.01 

-0.18 

83.34 

-0.29 

E 

99.31 

-0.01 

92.80 

-0.14 

86.95 

-0.06 

83.53 

-0.66 

83.28 

-0.35 

F 

99.50 

+  0.18 

92.22 

-0.72 

86.32 

-0.69 

82.63 

-1.56 

82.19 

-1.44 

G 

99.60 

+0.28 

93.60 

+0.66 

87.47 

+0.46 

84.40 

+  0.21 

84.70 

+  1.07 

H 

97.87 

-1.45 

93.04 

+0.10 

87.70 

-0.69 

84.46 

+  0.27 

83.98 

+0.35 

Average 

99.32 

0.37 

92.94 

0.58 

87.01 

0.39 

84.19 

0.60 

83.63 

0.59 

Cotton  C-100 

Cotton  C-200 

Pulp  T-500 

Pulp  T-600 

Method  IV 

A 

99.30 

+0.06 

93.06 

+  1.59 

86.35 

-0.01 

82.56 

-0.26 

B 

99.00 

-0.24 

91.33 

-0.14 

86.26 

-0.10 

83.10 

+0.28 

C 

99.47 

+0.23 

91.11 

-0.36 

86.33 

-0.03 

82.56 

-0.26 

D 

99.37 

+0.13 

91.07 

-0.40 

85.78 

-0.58 

81.58 

-1.24 

E 

99.44 

+0.20 

93.50 

+2.03 

87.03 

+0.67 

84.22 

+  1.40 

F 

99.27 

+0.03 

90.06 

-1.41 

86.53 

+0.17 

83.82 

+  1.00 

G 

99.32 

+0.08 

91.30 

-0.17 

86.58 

+0.22 

82.37 

+0.05 

H 

98.84 

-0.40 

90.78 

-0.69 

86.00 

-0.36 

81.67 

-1.15 

I 

99.19 

-0.05 

91.04 

-0.43 

86.36 

0.00 

83.02 

+0.20 

Average 

99.24 

0.15 

91.47 

0.80 

86.36 

0.23 

82.82 

0.64 
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to  room  temperature,  and  its  strength  determined  by  titration  with  a 
standard  add.  It  is  then  diluted  to  give  a  solution  containing  17.5  per 
cent  by  weight  of  sodium  hydroxide  (17.5  grams  of  sodium  hydroxide  in 
100  grams  of  the  solution). 

(2)  Time  Interval  for  Steps  in  Procedure.  An  interval  of  10  minutes 
should  elapse  between  the  times  of  starting  the  alkali  treatment  of  the  in¬ 
dividual  triplicate  samples.  Such  a  procedure  allows  time  before  proceeding 
to  the  next  sample  in  the  triplicate  determination  for  the  various  steps  such 
as  impregnating,  macerating,  filtering,  and  partial  washing. 

If  2  minutes  are  allowed  between  the  addition  of  the  alkali  and  the  be¬ 
ginning  of  maceration,  it  will  be  found  that  sulfite  pulp  swells  to  five  or  six 
times  its  original  volume,  and  the  fibers  can  be  much  more  easily  macerated. 
The  remaining  8-minute  interval  has  been  found  ample  time  for  the  macer¬ 
ation  of  most  pulps.  With  such  a  scheme,  for  example,  the  alkali  would  be 
added  to  the  samples  at  9:00  o’clock,  9:10,  and  9:20,  respectively.  Filtering 
would  begin  at  9:45  o’clock,  9:55,  and  10:05,  respectively. 

(3)  Filtering  Medium.  A  coarse  Jena  glass  filter  crucible  may  be  used 
in  place  of  the  Gooch  crucible  specified  in  the  directions. 

(4)  Testing  for  Acidity.  To  test  the  acidity  of  the  wash  water  on  litmus 
paper,  the  last  few  drops  removed  after  the  addition  of  water  should  be 
used. 

(5)  Drying  to  Constant  Weight.  The  constant  weight  obtained  in  a 
minimum  time  should  be  used— that  is,  the  first  constant  consecutive  weights 
at  hour  intervals  after  approximately  4  hours  of  drying.  It  is  reported 
that  cellulose  dried  12  to  16  hours  increases  in  weight. 

Results  of  Test  of  Method  III — The  results  obtained 
from  the  analyses  of  five  samples  of  cellulosic  materials  by  eight 
cooperating  laboratories  are  recorded  in  the  accompanying  table. 

Development  of  Method  IV — A  careful  study  of  the  re¬ 
sults  from  the  test  of  Method  III  and  of  the  comments  from  the 
cooperating  laboratories  led  the  Committee  to  believe  that  the 
time  allowed  for  macerating  hard  pulps  should  be  increased  and 
that  only  part  of  the  alkali  should  be  added  to  the  sample  be¬ 
fore  maceration  is  begun;  the  remainder  added  during  macera¬ 
tion  as  noted  in  the  directions.  The  method  for  standardizing 
the  sodium  hydroxide  solution  was  also  simplified. 

Pulp  T-600  consisted  of  a  mixture  of  a  medium  soft  and  a  hard 
pulp.  This  sample  caused  the  analysts  considerable  difficulty 
in  macerating  it.  Cotton  C-200  was  known  to  furnish  difficulties 
in  alpha-cellulose  determination  and  was  also  included  to  give 
the  method  a  severe  test. 

Method  IV 

Preparation  and  Conditioning  of  Sample — The  cotton 
is  given  no  preliminary  treatment.  Pulps  are  cut  into  0.5-inch 
(1.25-cm.)  squares.  The  material  to  be  used  for  moisture  and 
alpha-cellulose  determinations  is  placed  in  a  glass-stoppered 
bottle  or  equivalent  fruit  jar  for  48  hours  to  attain  a  uniform 
moisture  content  throughout  the  sample. 

Method — Approximately  a  3-gram  sample,  weighed  accurately 
in  a  weighing  bottle,  is  placed  in  a  250-cc.  Pyrex  beaker.  Thirty- 
five  cubic  centimeters  of  17.5  per  cent,  carbonate-free  sodium 
hydroxide  solution  (17.5  grams  of  sodium  hydroxide  in  100  grams 
of  solution)  (20°  C.)  are  added  (see  Notes  for  the  preparation 
of  the  same)  and  the  solution  is  allowed  to  stand  for  5  minutes. 
With  a  short  glass  rod,  the  end  of  which  has  been  flattened  out 
to  form  a  disk  1  cm.  in  diameter,  the  pulp  or  cotton  is  macerated 
for  10  minutes,  adding  intermittently  in  10-cc.  portions  a  total 
of  40  cc.  of  sodium  hydroxide  solution  (20°  C.)  during  this  in¬ 
terval  (see  Notes).  The  beaker  is  covered  with  a  watch  glass. 
After  30  minutes’  additional  mercerizing  treatment  in  a  water 
bath  at  20°  C.  (total  mercerization  time,  45  minutes),  75  cc.  of 
distilled  water  (20°  C.)  are  added  to  the  alkali-cellulose  mixture 
followed  by  thorough  stirring.  The  contents  of  the  beaker  are 
filtered  immediately  by  means  of  suction  on  a  40-cc.  Gooch 
crucible  (see  Notes)  having  a  finely  perforated  bottom,  allowing 
the  cellulose  to  form  its  own  mat.  The  filtrate  is  poured  through 
the  mat  a  second  and  a  third  time,  if  necessary,  to  catch  any 
fine  material.  The  residue  in  the  Gooch  crucible  is  washed  with 
750  cc.  of  distilled  water  (20°  C.)  by  means  of  suction.  The 
suction  tube  is  disconnected,  40  cc.  of  10  per  cent  acetic  acid 
(20°  C.)  are  added  and  allowed  to  soak  5  minutes.  Then  the 
suction  is  applied  to  remove  the  acid.  The  alpha-cellulose  is 
washed  with  distilled  water  (20°  C.)  until  free  from  acid.  Lit¬ 
mus  paper  is  used  to  test  the  filtrate  (see  Notes).  The  alpha- 
cellulose  is  carefully  removed  from  the  Gooch  to  a  tared,  fiat, 
glass-stoppered  weighing  bottle.  The  alpha-cellulose  is  opened 
and  dried  at  105°  C.  to  a  constant  weight — that  is,  the  first  con¬ 
stant  consecutive  weights  obtained  after  1-hour  heating  inter¬ 
vals  following  an  initial  drying  of  at  least  6  hours.  The  weigh¬ 
ing  bottle  and  its  contents  are  allowed  to  cool  in  a  desiccator  for 
30  minutes  and  then  weighed. 

The  alpha-cellulose  yield  is  calculated  on  the  oven-dry  weight 
of  the  material.  Duplicate  3-gram  samples  for  moisture  deter¬ 


mination  should  be  weighed  out  at  the  same  time  that  the  sam¬ 
ples  for  the  alpha-cellulose  determination  are  taken. 

Notes  on  Method  IV — (1)  Preparation  of  Sodium  Hydroxide  Solution. 
The  sodium  hydroxide  solution  is  prepared  by  dissolving  sticks  of  alkali  in 
an  equal  weight  of  water,  and  allowing  it  to  stand  10  days  for  the  sodium 
carbonate  and  impurities  to  settle.  The  clear,  supernatant  liquid  is  de¬ 
canted  and  diluted  with  carbon  dioxide-free  water  until  its  density  at  15°  C. 
is  1.197.  Such  a  solution  contains  17.5  =±=0.1  grams  of  sodium  hydroxide 
per  100  grams  of  solution. 

(2)  Time  Interval  for  Steps  in  the  Procedure.  An  interval  of  15  minutes 
should  elapse  between  the  times  of  starting  the  alkali  treatment  of  the 
individual  triplicate  samples.  Such  a  procedure  allows  time  before  pro¬ 
ceeding  to  the  next  sample  in  the  triplicate  determination  for  the  various 
steps  in  the  procedure, 'such  as  impregnation,  maceration,  filtration,  and 
partial  washing. 

If  5  minutes  are  allowed  between  the  addition  of  a  part  of  the  alkali  and 
the  beginning  of  maceration,  it  will  be  found  that  sulfite  pulp  swells  to  five  or 
six  times  its  original  volume,  and  the  fibers  can  be  much  more  easily  macer¬ 
ated.  The  remaining  10-minute  interval,  during  which  the  remaining  40-cc. 
portion  of  the  alkali  is  added,  making  a  total  of  75  cc.,  has  been  found  ample 
time  for  the  maceration  of  pulps.  With  such  a  scheme,  for  example,  one 
would  add  the  alkali  to  the  samples  at  9:00  o’clock,  9:15,  and  9:30,  re¬ 
spectively.  Filtering  would  begin  at  9:45  o’clock,  10:00,  and  10:15,  respec¬ 
tively. 

(3)  Filtering  Medium.  Jena  glass  filter  crucibles  (coarse)  may  be  used 
in  place  of  the  Gooch  crucibles  specified  in  the  directions. 

(4)  Testing  for  Acidity.  To  test  the  acidity  of  the  wash  water  on  litmus 
paper,  the  last  few  drops  removed  after  the  addition  of  water  should  be 
used. 

Results  of  Test  of  Method  IV — The  results  obtained  from 
the  analysis  of  four  samples  of  cellulosic  material  by  nine  cooperat¬ 
ing  laboratories  are  recorded  in  the  accompanying  table. 

Some  standard  cotton  cellulose8  was  also  analyzed  according 
to  Method  IV  for  its  alpha-cellulose  content.  Two  sets  of  tripli¬ 
cate  analyses  gave  the  following  results: 


(1) 

(2) 

99.45 

99.60 

99.52 

99.70 

99.59 

99.72 

Av.  99.52 

99.67 

Discussion  of  Results  of  Method  IV — With  materials  in 
which  it  is  possible  to  obtain  a  uniform  sample  and  with  which 
the  maceration  offers  no  extreme  difficulties  such  as  Cotton 
C-100  and  Pulp  T-500,  the  cooperating  laboratories  checked  one 
another  closely;  with  materials  Cotton  C-200  and  Pulp  T-600, 
the  results  were  less  uniform. 

Recommendations 

The  Committee  feels  that  further  modifications  of  any  of  the 
steps  in  the  procedure  will  not  overcome  irregularities  in  the 
uniformity  of  the  alpha-cellulose  determination  of  certain  cellu¬ 
losic  materials  occasionally  found  in  the  industry.  The  Com¬ 
mittee  suggests  that  in  event  a  dispute  arises  between  the  pro¬ 
ducer  and  consumer  as  to  the  alpha-cellulose  content  in  cellulosic 
materials,  the  dispute  be  settled  by  a  referee  through  a  procedure 
similar  to  that  followed  in  the  Association  of  Official  Agricul¬ 
tural  Chemists.  On  the  other  hand,  the  Committee  has  found 
that  where  good  grades  of  cotton  or  pulp  are  used,  such  as  are 
required  for  manufacturing  cellulose  derivatives  and  artificial 
silk,  there  should  be  no  occasion  for  a  dispute  as  to  the  alpha- 
cellulose  content  if  Method  IV  is  used.  Therefore,  Method 
IV  is  recommended  to  the  Cellulose  Division  of  the  American 
Chemical  Society  as  a  tentative  standard  method  for  the  de¬ 
termination  of  alpha-cellulose. 

The  Committee  urges  workers  to  use  Method  IV  and  to  send 
the  Committee  suggestions,  so  that  proper  action  may  be  taken 
to  have  a  standard  method  available  which  may  meet  the  de¬ 
mands  of  future  developments  in  cellulose  chemistry. 

The  Committee  wishes  to  thank  the  cooperating  laboratories 
and  companies  for  their  splendid  spirit  shown  in  supplying  the 
cotton  linters  and  pulps,  and  doing  the  necessary  analyses  which 
were  required  to  investigate  the  determination  of  alpha-cellulose. 

The  Committee  further  recommends  that  this  report  be  pub¬ 
lished  by  the  American  Chemical  Society. 

8  Corey  and  Gray,  Ind.  Eng.  Chbm.,  16,  853,  1130  (1924). 
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Report  of  the  Raw  Rubber  Specifications 

Committee' 


AS  INTIMATED  in  a  previous  report  of  the  Committee 
presented  at  the  St.  Eouis  meeting  in  April,  1928,  a 
temporary  procedure  was  adopted  in  order  to  ascertain 
whether  or  not  the  five  laboratories  represented  on  the  Com¬ 
mittee  could  obtain  reasonably  comparable  stress-strain  relation¬ 
ships  using  the  same  batch  of  rubber. 

A  complete  report  is  appended  in  which  the  procedure  is  out¬ 
lined  and  the  results  of  each  laboratory  are  given  in  considerable 
detail. 

After  careful  deliberations  the  Committee  has  concluded  that 
the  testing  of  raw  rubber  is  not  in  a  very  satisfactory  state. 
It  therefore  makes  the  following  recommendations : 

(1)  The  testing  of  raw  rubber  should  be  made  the  subject  of 
thorough  investigations. 

(2)  The  work  should  be  undertaken  by  a  Physical  Testing 
Committee,  preferably  under  the  jurisdiction  of  the  Rubber 
Division  of  the  American  Chemical  Society. 

The  Committee  wishes  to  express  its  appreciation  of  the  aid 
given  to  it  by  the  B.  F.  Goodrich  Company  in  supplying  the 
broken-down  raw  rubber  employed  in  these  tests. 

Eel  wood  B.  Spear,  Chairman 
C.  R.  Boggs  H.  E.  Trumbull 

H.  E.  Simmons  N.  A.  Shepard 

Method 

A  batch  of  pale  crepe  was  broken  down  on  a  hot  mill  by  the 
B.  F.  Goodrich  Company  and  portions  were  sent  the  Firestone, 
Simplex,  Akron  University,  and  Thermatomic  laboratories.  All 
laboratories  followed  the  procedure  as  closely  as  possible.  Good¬ 
rich  reports  using  a  600-  instead  of  a  500-gram  batch  and  a  higher 
temperature  during  the  incorporation  of  the  zinc  oxide. 

Procedure 

Firestone  Formula — The  total  weight  of  the  batch  was  500 
grams. 

The  rubber  was  cut  into  slabs  about  9  mm.  thick  and  the  slabs 
were  cut  into  strips.  Steam  was  allowed  to  pass  through  both 
rolls  in  such  a  manner  that  a  slight  hissing  sound  could  be  heard 
at  the  effluent  orifices  and  a  moderate  cloud  of  condensed  steam 
could  be  seen. 

The  rolls  were  opened  sufficiently  so  that  the  strips  of  rubber 
could  be  joined  end  to  end  by  a  slight  squeezing  at  the  over¬ 
lapped  joint  as  the  strips  were  passed  through  the  rolls  once. 
The  long  strips  thus  formed  were  wrapped  around  the  front  roll 
and  allowed  to  revolve  with  the  roll  for  5  minutes.  The  rolls 
were  then  closed  little  by  little  so  that  the  rubber  was  slightly 
squeezed.  As  the  tightening  process  was  continued  the  rubber 
began  to  spread  out  somewhat  and  to  decrease  in  thickness. 
The  squeezing  was  continued  for  2  minutes,  at  the  end  of  which 
time  the  rolls  were  tightened  until  a  very  thin  sheet  of  rubber 
was  formed  around  the  front  roll.  The  rolls  were  then  backed 
away  slowly  in  order  that  a  continuous  sheet  of  rubber  might  be 
formed.  Finally  the  bank  was  reduced  in  size  until  it  was  ap¬ 
proximately  25  mm.  in  diameter. 

The  zinc  oxide  was  milled  in,  the  process  occupying  3  minutes. 
The  rubber  was  then  cut  rapidly  back  and  forth  for  5  minutes. 
During  the  cutting  the  steam  was  turned  off  the  back  roll  but 
was  allowed  to  pass  through  the  front  roll. 

The  cutting  was  done  in  such  a  manner  that  the  slit  was 
started  at  the  outer  edge  of  the  rubber  and  continued  into  ap¬ 
proximately  the  middle  of  the  roll.  The  end  of  the  rubber  thus 
freed  was  turned  back  on  the  roll  so  that  the  outer  square  corner 
of  the  slit  was  brought  into  the  middle  of  the  roll.  This  method 
insures  thorough  mixing  and  prevents  the  formation  of  pro¬ 
nounced  grain. 

At  the  end  of  the  mixing  process  the  rolls  were  backed  away 
so  that  the  rubber  did  not  touch  the  back  roll,  the  steam  was 
turned  off  the  front  roll,  and  cold  water  was  allowed  to  pass 

1  Presented  by  the  Division  of  Rubber  Chemistry  at  the  76th  Meeting 
of  the  American  Chemical  Society,  Swampscott,  Mass.,  September  10  to  14, 

1928. 


through  both  rolls  for  1  minute.  The  water  was  then  turned  off 
the  front  roll,  but  was  allowed  to  pass  through  the  back  roll  until 
it  was  warm  but  not  hot  to  the  hand.  The  time  required  was  7 
minutes.  The  mill  was,  of  course,  in  operation  during  the  cooling 
period. 

The  rolls  were  then  tightened  until  the  bank  was  again  about 
25  mm.  in  diameter.  The  rubber  sheet  on  the  front  roll  was 
perfectly  continuous  and  smooth.  The  accelerator  and  the  sulfur 
were  then  milled  in  together,  the  process  occupying  2  minutes. 

The  rubber  was  again  cut  rapidly  back  and  forward  for  5 
minutes.  At  the  end  of  this  time  the  rolls  were  tightened  to  the 
required  degree  and  the  sheet  was  cut  off  the  mill  in  the  ordinary 
manner.  The  thickness  of  the  sheet  should  be  slightly  less  than 
2.5  mm.,  if  the  curing  molds  are  such  that  the  cured  sheet  is  to  be 
approximately  2  mm.  thick. 

The  sheets  were  cut  out  the  full  size  of  the  mold  in  such  a  way 
that  the  test  pieces  would  be  lengthwise  around  the  roll.  The 
raw  test  sheets,  while  still  warm,  were  put  into  a  desiccator  over 
calcium  chloride  and  kept  there  until  they  were  taken  out  to  be 
put  in  the  press,  2  to  5  hours  after  milling. 

The  curing  was  carried  out  for  the  periods  indicated  on  the 
enclosed  sheets.  The  cured  sheets,  after  removal  from  the  press, 
were  chilled  with  cold  water,  cut  to  size,  dried  with  a  cloth,  and 
finally  thoroughly  dried  for  a  few  minutes  at  a  temperature* 
around  35-40°  C.  The  cured  test  sheets  were  then  put  into  the 
desiccator  over  calcium  chloride  and  allowed  to  remain  for  ap¬ 
proximately  20  hours. 

The  dumbbell  pieces  were  stamped  out  and  prepared  in  the 
usual  manner  for  the  Scott  machine,  after  which  they  were  re¬ 
turned  to  the  desiccator  until  they  were  tested. 

Firestone  Formula 


Grams 

Per  Cent 

Rubber 

470.3 

94.06 

Zinc  oxide 

12.5 

2.5 

D.  O.  T.  G. 

2.2 

0.44 

Sulfur 

15.0 

500.0 

3.0 

100.00 

Note  1.  The  mill  on  which  this  was  carried  out  was  the  ordinary 
laboratory  30.5  X  15.2  mm.  (12  X  6  inches)  type.  The  front  roll  makes 
29  revolutions  and  the  back  roll  37  per  minute  without  load. 

Note  2.  It  will  be  obvious  that  the  time  of  heating  and  the  time  of 
cooling  depend  upon  the  construction  of  the  interior  of  the  rolls,  the  tem¬ 
perature  of  the  cooling  water,  and  other  considerations.  Under  the  condi¬ 
tions  described  above  the  rubber  was  smoothed  out  into  a  sheet  at  99- 
100°  C.,  as  measured  by  wrapping  four  successive  pieces  of  the  rubber  around 
a  mercury  thermometer.  If  the  steam  is  allowed  to  escape  in  a  small  cloud 
from  each  roll,  the  experimental  evidence  is  that  the  temperature  of  the  rub¬ 
ber  will  be  approximately  the  boiling  point  of  water. 

Note  3.  At  the  time  of  the  introduction  of  the  sulfur  and  accelerator, 
the  temperature  of  the  rubber  was  found  to  be  71°  C.  During  the  mixing 
period  the  water  was  again  allowed  to  run  through  the  front  roll  for  1  minute 
and  through  the  back  roll  continuously.  Obviously,  the  temperature  of 
the  rubber  will  be  affected  by  the  temperature  of  the  cooling  water  and 
the  rate  of  flow.  It  was  found  that  the  rapid  cutting  of  the  rubber  tended 
to  lower  the  temperature  slightly.  The  reading  varied  from  65°  to  70°  C. 

Note  4.  The  curing  temperature  of  137.5°  C.  was  not  chosen  with 
malice  of  forethought.  This  represented  the  actual  temperature  in  the 
curing  mold  when  the  thermometer  belonging  to  the  press  registered  40 
pounds  (2.8  kg.  per  sq.  cm.)  pressure. 

Rubber-Sulfur  Formula — The  rubber,  cut  in  strips,  was 
wrapped  around  the  front  roll,  while  steam  was  passing  through 
both  rolls  as  described  for  the  Firestone  formula.  At  the  end 
of  5  minutes  the  rolls  were  tightened  slowly  and  a  sheet  was 
formed  around  the  front  roll.  The  total  warming  period  was  7 
minutes.  The  rolls  were  then  backed  away  slowly  until  a  con¬ 
tinuous  sheet  of  rubber  was  formed  and  the  bank  had  become 
about  25  mm.  in  diameter.  The  sulfur  was  milled  in  and  the 
sheet  cut  rapidly  back  and  forth  for  5  minutes,  the  steam  having 
been  cut  off  the  back  roll  in  the  meantime.  The  rolls  were  then 
tightened  until  a  sheet  of  the  desired  thickness  was  formed, 
after  which  the  batch  was  cut  off  the  mill  in  the  usual  manner. 

The  conditioning,  curing,  and  testing  were  carried  out  accord¬ 
ing  to  the  procedure  described  for  the  Firestone  formula. 

Rubber-Sulfur  Formula 

Rubber  92 . 5 

Sulfur  7.5 


100.0 
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Maxima  and  Minima 


(Five  laboratories;  seven  tests;  Firestone  formula) 


45-MINUTE  CURE 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 

60-MINUTE  CURE 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 

75-MINUTE  CURE® 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 

90-MINUTE  CURE 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 


Maxima 

Mini: 

124 

72 

229 

174 

850 

775 

169 

108 

238 

197 

823 

737 

191 

135 

265 

204 

781 

696 

218 

152 

269 

214 

784 

703 

°  Thermatomic  Test  No.  1,  75-minute  cure  omitted. 


Summary  of  Tests  Using  Goodrich  Rubber  and  Rubber-Sulfur 

Formula 

Therm- 


Firestone 

Simplex 

ATOMIC 

Curing  temperature 

141°  C. 

141°  C. 

141°  C. 

Testing  temperature 

26.1°  C. 

22.2°  C. 

26.4°  C. 

150-MINUTE  CURE 

Tensile  at  500  per  cent  elongation 

15.6 

12.7 

14.5 

Tensile  at  800  per  cent  elongation 

54.5 

52.3 

61.2 

Tensile  at  break 

128 

142 

141 

Per  cent  stretch  at  break 

947 

963 

955 

180-MINUTE  CURE 

Tensile  at  500  per  cent  elongation 

16.9 

20 

16.9 

Tensile  at  800  per  cent  elongation 

71.8 

70 

76 

Tensile  at  break 

135 

142 

181 

Per  cent  stretch  at  break 

906 

915 

927 

210-MINUTE  CURE 

Tensile  at  500  per  cent  elongation 

18.6 

22.9 

18.4 

Tensile  at  800  per  cent  elongation 

83 

81 

89.4 

Tensile  at  break 

151 

131 

163 

Per  cent  stretch  at  break 

894 

878 

895 

Tensile®  at  700  per  cent  elongation 

Tensile®  at  break 

Per  cent  stretch  at  break 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 

Tensile  at  700  per  cent  elongation 

Tensile  at  break 

Per  cent  stretch  at  break 


Summary  of  Tests  Using  Goodrich  Rubber  and  Firestone  Formula 


(Curing  temperature,  137.4-137.7°  C.) 


Good¬ 

Sim¬ 

Sim¬ 

Firestone 

Thermatomic 

rich 

plex 

mons 

Run  I 

Run  II 

Run  I 

Run  II 

45-MINUTE  CURE 

119 

112 

108 

80 

123 

72.5 

100 

215 

206 

213 

174 

192 

189 

229 

798 

791 

803 

838 

775 

850 

830 

60-MINUTE  CURE 

155 

151 

141 

112 

169 

108 

122 

233 

229 

238 

197 

209 

238 

223 

783 

775 

790 

790 

737 

823 

806 

75-MINUTE  CURE 

191 

183 

166 

135 

202 

75b. c 

171 

248 

244 

265 

204 

214 

226  b 

255 

753 

753- 

781 

768 

696 

807  b 

756 

90-MINUTE  CURE 

218 

209 

190 

162 

213 

152 

187 

253 

242 

269 

213 

217 

264 

267 

727 

723 

755 

740 

703 

784 

760 

Remarks 

Goodrich  testing  temperature  23.3°  C. 

Simplex  testing  temperature  22.2°  C. 

Simmons  testing  temperature  23.3°  C. 
Thermatomic,  Run  I,  testing  temperature  26.7°  C. 
Thermatomic,  Run  II,  testing  temperature  26.1°  C. 
Thermatomic,  Run  I,  tested  March  29,  1928 
Thermatomic,  Run  II,  tested  June  22,  1928 


®  Tensiles  are  expressed  in  kilograms  per  square  centimeter. 
b  Obviously  wrong,  because  it  is  inconsistent  with  other  cures  on  same  stock. 
c  Error  in  transcribing.  Correct  figure  is  117. 


Specifications  for  Standard  Gelatin1 

Report  of  Committee  on  Standard  Gelatin  Appointed  by  Division  of  Leather  and 

Gelatin  Chemistry 


AT  THE  Detroit  meeting  of  the  American  Chemical  So- 
cieiy  at  the  suggestion  of  S.  E.  Sheppard,  a  committee 
was  appointed  by  this  Division  to  study  the  problem  of 
making  a  standard  gelatin.  During  the  course  of  the  year  the 
three  members  of  this  committee,  have  exchanged  copious  corre¬ 
spondence  on  the  subject  of  gelatin. 

It  is  apparent  that  more  than  one  standard  for  gelatin  is 
necessary  inasmuch  as  we  have  different  kinds  of  gelatin  such  as 
pigskin,  calfskin,  ossein,  bone,  etc.,  and  inasmuch  as  the  previous 
history  of  gelatin  affects  its  character,  and  inasmuch  as  some 
gelatins  are  cooked  on  the  acid  side  of  the  isoelectric  point  while 
others  are  cooked  on  the  alkaline  side.  To  simplify  the  chaotic 
situation  it  seems  advisable  to  start  with  one  standard  gelatin, 
preferably  one  which  may  be  used  from  the  scientific  rather  than 
from  the  commercial  standpoint. 

Accordingly,  we  submit  the  following  tentative  specifications 
for  standard  gelatin  for  physico-chemical  purposes: 

1 — The  gelatin  should  be  calfskin  gelatin  made  from  green 
stock,  limed  for  3  months,  scoured,  washed,  and  extracted  at 
130°  F.  (54.4°  C.),  only  the  first  run  being  used.  The  gelatin 
should  be  dried  at  not  less  than  5  per  cent  concentration,  which 
may  require  vacuum  evaporation  of  the  stock. 

2 — The  gelatin  should  be  de-ashed  to  an  ash  content  of  not 
greater  than  0.05  per  cent. 

3 — The  gelatin  should  have  a  constant  isoelectric  point. 

4 — Under  standardized  conditions  and  at  a  definite  given  con¬ 
centration  it  should  have  a  definite  viscosity.  Just  what  this 
viscosity  is  is  not  of  primary  importance. 

5 — Under  standardized  conditions  and  at  a  definite  given  con¬ 
centration  it  should  have  a  definite  jelly  strength.  Just  what 
this  jelly  strength  is  is  not  of  primary  importance. 

6 — The  gelatin  must  be  clear — that  is,  have  a  minimum  tur¬ 
bidity  in  a  5  per  cent  jelly. 

1  Received  September  20,  1928. 


7 —  The  gelatin  must  be  free  from  color — that  is,  have  a  mini¬ 
mum  absorption  of  blue  light  at  a  definite  thickness  of  a  5  per 
cent  jelly. 

8 —  The  gelatin  should  have  a  certain  minimum  content  of  fat  or 
grease,  which  amount  is  to  be  determined  (probably  less  than'0.1 
per  cent). 

9 —  The  gelatin  should  contain  not  more  than  a  certain  mini¬ 
mum — say  0.1  to  0.2  per  cent — of  heat  coagulable  protein. 

10 —  Inasmuch  as  we  are  using  isoelectric  gelatin,  preservatives 
should  be  absent. 

Additional  specifications  may  be  added  as  they  suggest  them¬ 
selves,  but  the  committee  feels  that  those  enumerated  above  are 
sufficient  to  start  work. 

It  might  be  advisable  to  have  a  standard  gelatin  for  biochem¬ 
ical  and  bacteriological  purposes.  We  believe  that  the  specifica¬ 
tions  enumerated  for  standard  gelatin  for  physico-chemical 
purposes  could  apply  to  a  standard  gelatin  for  biochemical  and 
bacteriological  purposes  with  some  additions. 

As  regards  heavy  metals,  it  shall  not  contain  arsenic  in  excess 
of  0.5  p.  p.  m.  as  As203. 

It  shall  not  contain  zinc  in  excess  of  20  p.  p.  m. 

It  shall  not  contain  copper  in  excess  of  10  p.  p.  m. 

It  shall  not  contain  other  heavy  metals  in  excess  of  50  p.  p.  m. 

The  methods  of  determining  these  metals  shall  be  those  pre¬ 
scribed  by  the  A.  O.  A.  C. 

We  believe  that  samples  of  this  standard  gelatin  should  be 
submitted  to  various  workers  in  the  field  to  determine  the  physico¬ 
chemical  constants  thereon.  Secondly,  we  believe  that  subse¬ 
quently  other  standards  should  be  devised  to  take  into  account 
the  different  kinds  of  gelatin  and  the  different  methods  of  prepara¬ 
tion. 

Clarke  E.  Davis 
S.  E.  Sheppard 
M.  Briefer 
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Tests  of  a  New  Type  of  Glass  Electrode1 

Duncan  A.  Maclnnes  and  Malcolm  Dole 

The  Rockefeller  Institute  for  Medical  Research,  New  York,  N.  Y. 


GLASS  electrodes  have 
been  studied  by  Haber 
and  Klemensiewicz,2 
Hughes,3  Kerridge,4  Horo¬ 
vitz,5  and  others.6  Haber 
and  Klemensiewifcz’s  experi¬ 
mental  arrangement  is  shown 
in  Figure  1.  A  bulb,  A, 
blown  on  a  glass  tube,  was 
filled  with  electrolyte  and  a 
platinum  wire  was  inserted  as 
shown.  The  bulb  was  then 
placed  in  a  beaker  of  solution. 

The  solution  also  contained  a  tube  leading  to  a  calomel  elec¬ 
trode,  B.  Connection  was  made  back  to  the  glass  electrode 
through  an  electrometer,  E.  It  was  found  that  when  the 
hydrogen-ion  concentration  of  the  solution  was  altered  the 
readings  of  the  electrometer  changed,  roughly  at  least,  in  the 
same  wTay  that  a  hydrogen  electrode  would  change,  the  charac¬ 
teristic  “break”  being  obtained,  for  instance,  at  the  end  of  a 
titration  of  an  acid  with  a  base. 

Hughes  has  shown  that  the  readings  of  glass  electrodes, 
made  of  soft  glass,  follow  changes  in  the  hydrogen-ion  con¬ 
centration  quantitatively  except  in  strongly  alkaline  solutions, 
the  deviations  depending  on  the  nature  of  the  positive  ions 
present.  Mrs.  Kerridge  has  modified  Haber’s  arrangement 
by  replacing  the  beaker  with  a  reentrant,  and  probably  some¬ 
what  thinner,  bulb  blown  into  the  side  of  the  larger  bulb. 
Horovitz  and  Schiller,  however,  have  shown  that  with  harder, 
relatively  thick  glass  electrodes  the  phenomena  may  become 
quite  complex,  particularly  in  alkaline  solutions,  the  potential 
observed  apparently  changing  with  changes  of  concentration 
of  sodium  or  potassium  ion  rather  than  hydrogen  ions. 

Method  of  Titration 

It  occurred  to  the  writers  that  the  method  of  differential 
electrometric  titration,7  already  found  useful  in  other  con- 

1  Received  January  17,  1929. 

2  Haber  and  Klemensiewicz,  Z.  phys.  Chem.,  67,  385  (1909). 

3  Hughes,  J.  Am.  Chem.  Soc.,  44,  2860  (1922);  J.  Chem.  Soc.,  1928,  491. 
4  Kerridge,  Biochem.  J.,  19,  611  (1925);  J.  Set.  Instruments,  3,  404 
(1926). 

5  Horovitz,  Z.  Physik,  15,  368  (1923);  Sitz.  Akad.  Wiss.  Wien,  Abt. 
II a,  134,  335  (1925);  Horovitz  and  Zimmermann,  Ibid.,  134,  355  (1925). 

6  Schiller,  Ann.  Physik,  74,  105  (1924);  Elder  and  Wright,  Proc. 
Natl.  Acad.  Sci.,  14,  936  (1928).  A  more  complete  bibliography  is  given 
in  Clark’s  “The  Determination  of  Hydrogen  Ions,”  Williams  &  Wilkins 
Co.,  1928. 

7  (a)  Maclnnes  and  Jones,  J.  Am.  Chem.  Soc.,  48,  2831  (1926);  (b) 
Maclnnes,  Z.  physik.  Chem.  (Cohen  Festband),  217  (1927);  (c)  Maclnnes 

and  Dole,  J.  Am.  Chem.  Soc.,  51,  1119  (1929). 


nections  because  of  its  advan¬ 
tages  in  precision  and  con¬ 
venience  over  the  direct 
method  of  electrometric  titra¬ 
tion,  might  be  of  service  in 
studying  the  glass  electrode. 
The  differential  method  gives 
readings  which  are,  very 
closely,  the  tangents  to  the 
usual  titration  curves  and  go 
through  a  sharp  maximum, 
instead  of  a  point  of  inflection, 
at  the  end  of  a  titration. 

The  apparatus  used  in  the  differential  titrations  is  shown 
in  Figure  2.  It  includes  two  glass  electrodes,  E  and  E', 
which  are  of  a  novel  form  to  be  described  below.  One  of  the 
electrodes  is  surrounded  by  a  tube,  A.  By  means  of  the 
simple  gas  lift  pump,  L,  a  stream  of  the  liquid  from  the  beaker 
is  kept  flowing  over  electrode  E'  and  through  the  small  open¬ 
ing  C.  The  gas  stream  is  controlled  by  means  of  the  special 
stopcock  on  the  buret,  B.  On  partially  turning  the  cock  the 
gas  stream  is  interrupted,  thus  isolating  the  solution  in  the 
tube  A.  Turning  the  stopcock  still  further  causes  the  titrat¬ 
ing  fluid  to  flow  from  the  buret.  After  stopping  this  flow,  but 
not  turning  the  stopcock  back  sufficiently  to  start  the  stream 
of  gas,  the  potential  beween  the  electrodes  E  and  E'  can  be 
measured.  This  potential  is  that  of  a  simple  galvanic  cell 
deriving  its  energy  from  the  concentration  difference  between 
the  solution  in  the  beaker  and  that  held  back  in  the  tube  A. 
If  definite  increments  of  solution  from  the  buret  are  used 
this  potential  difference  rises  as  the  end  point  is  approached 
and  reaches  a  maximum  at  the  end  of  a  titration.  A  typical 
maximum  is  shown  in  Figure  4. 

Design  of  the  Glass  Electrodes 

To  adapt  the  glass  electrode  to  differential  titrations,  the 
usual  design  of  that  electrode  was  modified  to  enable  it  to  be 
put  into  the  narrow  tube  A.  The  form  of  glass  electrode  thus 
developed  has  a  number  of  advantages  that  would  appear  to 
recommend  it  for  general  use.  An  electrode  is  shown  dia- 
grammatically  in  Figure  3.  A  thin  glass  diaphragm,  D,  is 
fused  onto  the  end  of  an  ordinary  glass  tube,  B.  This  tube 
is  then  partly  filled  with  an  electrolyte  (0.1  N  hydrochloric 
acid  in  the  writers’  experiments).  Into  this  electrolyte  is 
placed  a  silver-silver  chloride  electrode,  C.  This  can  con¬ 
veniently  be  made  in  the  manner  described  by  Maclnnes  and 
Beattie.8  The  upper  part  of  the  tube  is  coated  inside  and 

8  Maclnnes  and  Beattie,  J.  Am.  Chem.  Soc.,  42,  1117  (1920). 


Glass  electrodes  have  been  prepared  with  active  glass 
surfaces  only  0.001  mm.  thick.  Such  electrodes  can 
be  made  in  a  very  compact  and  convenient  form. 
Effective  electrodes  have  been  made  in  which  the  active 
surface  covered  the  end  of  glass  tubes  as  small  as  0.75 
mm.  in  diameter. 

These  electrodes  were  tested  by  using  them  in  differ¬ 
ential  electrometric  titrations,  in  which  a  good  order 
of  accuracy  was  obtained.  The  electrodes  were  found 
to  respond  only  to  changes  of  hydrogen -ion  concentra¬ 
tions,  being  independent  of  oxidation-reduction  poten¬ 
tials  existing  in  the  solutions. 
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outside  uith  a  thin  layer  of  paraffin.  The  important  part  of 
the  electrode  is,  of  course,  the  thin  diaphragm  D.  This,  in  the 
writers’  experiments,  is  about  0.001  mm.  thick,  and  shows 
colors  due  to  interference  of  light  waves.  The  thickness 
was  found  by  weighing  a  measured  area  of  the  film.  The  dia¬ 
phragm  can  be  fused  on  the  end  of  the  glass  tube  in  a  simple 
manner.  A  bulb  is  blown  on  the  end  of  a  tube  of  suitable 
glass  until  portions  of  the  resulting  film  show  interference 
colors.  The  end  of  the  supporting  tube  B  is  then  heated  to  a 
low  red  heat,  the  correct  temperature  being  found  by  experi¬ 
ence.  The  heated  tube  is  then  placed  against  the  thin  bulb. 

If  the  conditions  are  right,  the  film 
of  glass  will  fuse  onto  the  tube. 
With  practice  a  large  proportion 
of  successful  electrodes  may  be 
made  in  this  manner.  Judging 
from  published  accounts,  these 
films  are  fifty  to  one  hundred  times 
thinner  than  electrodes  generally 
used.  The  new  electrodes  are 
compact  and  not  fragile  if  care  is 
used  in  handling  them. 

Note — Horovitz  has  made  some  elec¬ 
trodes  that  have  the  same  external  form  as 
these.  However,  their  mode  of  manufac¬ 
ture  was  very  different.  Relatively  thick 
(0.05  to  0.1  mm.)  cover  glasses  were  placed 
in  contact  with  carefully  ground  glass  tubes 
and  the  two  fused  together  in  a  furnace.  This  difference  of  technic  may 
be  largely  responsible  for  the  difference  between  his  results  and  those  of 
the  writers’. 


Figure  1 — Haber’s  Electrode 
Arrangement 


Results  of  Titrations 

The  results  of  four  differential  titrations  using  glass  elec¬ 
trodes  in  the  apparatus  shown  in  Figure  2  are  plotted  on  a 
single  curve  in  Figure  4.  These  results  show  the  precision 
already  obtained  with  the  glass  electrodes  and  illustrate  some 
of  their  properties. 

(a)  The  change  of  e.  m.  f.  during  the  titration  of  sulfuric 

acid  with  sodium  hydroxide 
follows  the  course  that  would 
be  obtained  with  hydrogen  or 
quinhydrone  electrodes. 

( b )  The  shape  of  this  curve 
is  uninfluenced  by  the  addi¬ 
tion  of  potassium  permanga¬ 
nate  to  the  sulfuric  acid.  This 
observation  shows,  in  the  first 
place,  that  the  glass  electrode 
responds  only  to  changes  in 
hydrogen-ion  concentration 
and  is  not  influenced  by  the 
powerful  oxidation  potential 
produced  by  the  presence  of 
the  permanganate.  The 
shape  of  the  curve  indicates 
further  that  permanganic  acid 
is  of  about  the  same  strength 
as  sulfuric  acid,  since  if  the 
former  were  a  weak  acid  it 
alone  would  be  present  in 
solution  near  the  end  point 
and  the  resulting  maximum 
would  be  lowered.9 

(c)  On  the  same  curve  are  shown  points  obtained  in  the 
titration  0.1  N  nitric  acid  with  sodium  hydroxide  of  the 
same  strength.  Here  again  the  glass  electrodes  give  the 

•  Hughes,  J.  Chem.  Soc.,  1928,  491,  has  shown  with  the  glass  electrode 
that  permanganic  acid  and  hydrochloric  acid  have  the  same  strength. 


Figure  2 — Differential  Potentio- 
metric  Apparatus 


change  in  hydrogen  ion  and  are  not  influenced  by  the  oxida¬ 
tion  potential  prevailing  in  the  solution. 

(d)  Points  are  also  included  for  a  titration  made  with  some 
very  small  electrodes,  the  active  glass  surfaces  of  which  were 
only  0.5  to  0.75  mm.  in  diameter.  As  can  be  seen,  these  small 
electrodes  can  be  used  for  titrations  and,  of 
course,  equally  well  for  pH  measurements.  It 
seems  not  unlikely  that  these  very  small  elec¬ 
trodes  will  further  extend  the  use  of  the  glass 
electrode  to  investigations  in  biology,  since  in 
that  field  it  is  frequently  necessary  to  work  with 
very  small  amounts  of  material  or  inside  small 
orifices  or  cavities. 
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Use  of  Glass  Electrodes  in  Precision  Titrations 

The  method  of  differential  electrometric  titra¬ 
tion  has  been  shown76’71  to  be  capable  of  high 
accuracy.  It  seemed  worth  while  to  test  the 
method  with  the  new  type  of  glass  electrodes  to 
see  whether  they  are  capable  of  yielding  results 
of  the  same  accuracy  as  has  been  found  possible  u 
with  the  more  usual  electrodes,  particularly  as  Fig£iect™delass 
it  is  frequently  desirable  to  carry  out  titrations 
under  conditions  which  make  the  use  of  any  electrodes  other 
than  glass  impossible. 

To  test  this  matter  titrations  of  0.1  A  nitric  acid  were  made 
with  approximately  0.1  A  sodium  hydroxide.  Following  a 
procedure  described  elsewhere,7'  a  weighed  amount  of  the 
acid,  given  in  column  2  of  Table  I,  was  delivered  from  a  weight 
buret  and  this  was  titrated  very  near  to  the  end  point  with 
the  sodium  hydroxide  from  another  weight  buret,  the  weight 
taken  being  given  in  column  3.  The  end  of  the  titration  was 
then  carried  out  from  a  volumetric  buret  with  the  hydroxide 
solution  diluted  1  to  20. 

From  this  last  portion  a 
small  correction  to  the 
weight  of  the  hydroxide 
solution  was  computed 
(column  4) .  The  ratio  of 
the  weight  of  nitric  acid 
to  that  of  sodium  hydrox¬ 
ide  is  given  in  the  last 
column  of  the  table.  It 
will  be  observed  that  the 
maximum  error  of  these 
titrations  is  0.03  per  cent. 

Although  this  is  not  such 
high  accuracy  as  the 
writers  have  obtained  with 
the  differential  potentio- 
metric  method,  it  shows 
that  the  glass  electrodes 
give  surprisingly  repro¬ 
ducible  results. 

Method  of  Measurement 
of  Potentials 

The  measurements  were 
made  with  a  Compton 
electrometer.  Owing  ap¬ 
parently  to  the  relatively 
low  resistances  of  these 
electrodes,  comparatively  little  screening  from  external  elec¬ 
trical  effects  was  found  necessary.  However,  the  beaker 
used  was  surrounded  by  a  grounded  wire  basket,  and  the  con¬ 
tact  key  and  reversing  switch  were  placed  in  a  grounded  tin 
box,  the  former  being  operated  from  the  outside  by  a  glass 
rod.  The  leads  to  the  electrometer  were  insulated  wire 
covered  with  a  grounded  lead  sheathing.  Also,  owing  to  the 
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relatively  low  resistances,  ordinary  care  in  insulation  appeared 
to  be  ample.  However,  more  careful  screening  and  insulation 
may  occasionally  be  necessary  with  the  electrodes  of  capillary 
size. 


Table  I- 


-Titration  of  0.1  N  Nitric  Acid  with  Approximately  0.1  N 
Sodium  Hydroxide 


Expt. 


Wt.  HNOs 

SOLN. 

Grams 


Wt.  NaOH 
SOLN. 
Grams 


Correction 


Ratio- 


Wt.  HNOj 
Wt.  NaOH 


1  37.687  37.332 

2  33.701  33.426 

3  36.448  36.127 

4  33.842  33.460 


0.071 

0.018 

0.053 

0.124 


1.0076 
1 . 0077 
1 . 0074 
1 . 0076 


Some  preliminary  measurements  were  made  with  a  radio¬ 
tube  apparatus  of  the  type  described  by  Williams.10  Though 
it  probably  could  be  used  with  success  for  our  measurements, 
it  was  found  to  be  less  convenient  than  the  Compton  elec¬ 
trometer. 

Resistances  of  Glass  Electrodes 

Measurements  of  the  resistances  of  the  electrodes  made  as 
described  above  were  carried  out  by  first  shunting  the  elec¬ 
trometer  with  a  0.5-megohm  resistance  and  connecting  it  in 
series  with  an  electrode  placed  in  a  beaker  containing  0.1  N 
hydrochloric  acid  and  a  silver-silver  chloride  electrode.  A 
known  potential  (3.7  volts)  was  then  connected  to  the  silver- 
silver  chloride  electrode  and  to  one  terminal  of  the  elec¬ 
trometer.  From  the  deflections  obtained  the  resistances  of 
the  electrodes  could  be  computed.  Some  results  for  typical 
electrodes  are  given  in  Table  II. 


Table  II — Resistances  of  Glass  Electrodes 


Type  of  Glass 

Diameter 
of  Tube 

Resistance 

Mm. 

Megohms 

Soft  commercial 

4 

124 

Soft  commercial 

4 

103 

Soft  commercial 

4 

95 

Soft  commercial 

4 

113 

Soft  commercial 

0.75 

4000* 

Pyrex 

4 

Too  high  to  measure 

Special 

4 

18.7 

Special 

4 

39.7 

'o  Williams,  Proc.  Cambridge  Phil.  Soc.,  23,  811  (1927);  Phil.  Mag., 
6,  325  (1928). 


Certain  electrodes  which  showed  very  low  resistances, 
possibly  owing  to  cracks  or  leaks,  failed  to  act  as  hydrogen 
electrodes.  Other  electrodes  with  very  high  resistances,  in¬ 
cluding  those  made  of  Pyrex,  also  failed  as  electrodes.  It  is 
of  interest  to  note  that  the  writers’  electrodes  with  about  12 
sq.  mm.  active  surface  have  resistances  of  about  the  same  or¬ 
der  of  magnitude  as  those  reported  by  Elder  and  Wright6  for 
electrodes  with  approximately  one  hundred  times  the  area. 

Composition  of  Glass 

A  few  preliminary  experiments  were  also  carried  out  to  see 
whether  glasses  could  not  be  made  that  would  be  better 
adapted  for  glass  electrode  purposes  than  those  at  present 
available.  Since  low-melting  soda  glass  appears,  particularly 
from  the  work  of  Hughes,  to  be  useful  for  the  purpose,  a  melt 
was  made  in  an  oxygen-gas  blast-lamp  flame  of  a  mixture  pro¬ 
ducing  a  glass  of  the  composition  Si02  72,  Na20  22,  and  CaO  6 
per  cent.  This  composition  is  near  that  given  for  the  lowest 
equilibrium  temperature  on  the  three-component  diagram  of 
Morey.11  Though  the  temperatures  available  were  probably 
not  sufficient  to  obtain  uniformity  in  the  product,  electrodes 
were  prepared  which  served  as  hydrogen  electrodes  and  had 
lower  resistances  than  those  made  from  any  samples  of  glass 
the  writers  had  been  able  to  find.  The  data  on  the  resistances 
of  these  electrodes  are  given  under  “special  glass”  in  Table  II. 

Future  Investigations 

It  is  intended  to  pursue  this  investigation,  with  more  ade¬ 
quate  equipment  and  experimental  technic,  to  find  the  most 
suitable  glass  for  electrodes.  To  do  this  it  will  be  necessary 
to  compare  hydrogen  electrodes  and  glass  electrodes  of  vary¬ 
ing  composition  throughout  the  range  of  hydrogen-ion  con¬ 
centration  from  strongly  acid  solutions  to  strongly  alkaline 
solutions.  It  will,  further,  be  necessary  and  of  interest  to 
investigate  the  various  theories  that  have  been  proposed  to 
account  for  the  action  of  these  electrodes. 

11  Morey,  J.  Soc.  Glass  Tech.,  9,  232  (1925). 


A  Source  of  Error  in  Determination  of  the 
Plasticity  of  Hydrated  Lime1 
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DETERMINATIONS  of  plasticities  of  hydrate  limes  by 
different  experimenters  do  not  check.  In  general, 
the  same  observer  can  get  satisfactory  checks  on  the 
same  batch  of  lime  putty,  but  very  often  determinations  upon 
separate  batches  of  putty  from  the  same  hydrated  lime  fail 
to  check.  This  indicates  that  there  is  some  variable  condition 
or  conditions  that  should  be  controlled. 

The  directions  for  the  preparation  of  the  putty3  for  testing 
were: 

Soak  the  dry  hydrate  for  16  to  24  hours  previous  to  the  test 
with  insufficient  water  for  final  consistency.  At  the  time  of 
final  testing  add  sufficient  water  and  mix  it  thoroughly  with  the 
putty  until  the  lime  putty  becomes  of  standard  consistency  as 
determined  by  a  penetration  of  20  =*=  5  mm.  on  a  Vicat  needle. 

1  Received  May  4,  1928;  revised  manuscript  received  January  7, 

1929. 

2  Present  address.  Koppers  Company,  Jersey  City,  N.  J. 

3  Bur.  Standards,  Tech.  Paper  168  (1920);  Circ.  204  (1925);  Briscoe 
and  Mathers,  Ind.  Eng.  Chem.,  19,  88  (1927);  Farnsworth,  Ibid.,  19,  583 
(1927). 


There  is  great  variation  in  the  amount  of  stirring  of  the 
putty  during  the  addition  of  these  portions  of  water.  If 
practically  the  correct  amount  of  water  has  been  used  at  the 
beginning  of  the  soaking,  almost  no  stirring  may  be  done  at 
the  time  of  final  testing.  A  very  stiff  putty  may  require  the 
addition  of  several  small  quantities  of  water  and  much  stirring 
may  be  done  after  the  addition  of  each  portion.  The  opera¬ 
tor  may  even  add  too  much  water  to  the  portion  being 
brought  to  standard  consistency  and  then  be  forced  to  add 
more  of  the  original  thick  putty  with  greatly  increased  amount 
of  stirring. 

The  objects  of  this  research  were  to  determine  the  effects  of 
the  following  upon  the  plasticity  determinations  with  the 
Emley  plastometer: 

(1)  Variations  in  the  amount  of  stirring  of  the  putty  at  the 
time  of  final  test. 

(2)  Variations  in  the  amount  of  water  used  in  soaking  the 
hydrate. 

(3)  The  additions  of  separate  small  portions  of  water  to  the 


60 

thick  putty  at  the  time  of  final  test,  rather  than  soaking  with  the 
total  quantity  of  water  required. 

Method  and  Apparatus 

The  putty  was  stirred  vigorously  by  hand  with  a  steel  spatula 
having  a  4-inch  (10-cm.)  blade.  The  porous  plates  used 
on  the  plastometer  had  25  per  cent  absorption  and  were 
bought  from  the  American  Instrument  Company,  Washing¬ 
ton.  These  plates  were  not  standardized;  hence  the  absolute 
values  obtained  for  plasticity  may  be  in  error  but  the  relative 
values  and  the  conclusions  are  correct.  The  end  point  of  each 
plastometer  test  was  the  breaking  of  the  pat,  the  cracking  of 
the  pat  and  the  pointer  not  advancing  for  2  minutes,  the 
scale  reading  reaching  100,  or  the  pointer  dropping  back  to  a 
previous  reading. 

Experimental  Procedure 

The  effect  of  varying  the  time  of  stirring  is  shown  in  Table  I. 
In  each  experiment  125-gram  portions  of  the  hydrated  lime 
were  soaked  with  115  cc.  of  water.  As  little  stirring  as  possi¬ 
ble  was  done  at  the  time  of  this  mixing.  The  samples  were 
then  allowed  to  soak  quietly  for  16  to  24  hours.  At  the  time 
of  final  testing  each  putty  was  stirred  vigorously  for  the  time 
shown  in  the  table. 

Table  I — Effect  of  Varying  Time  of  Stirring 

Plasticity  Number  op  Putty  apter  Stirring 
Hydrated  Lime  for: 


0 . 5  min. 

1  min. 

2  min. 

3  min. 

4  min 

Ohio  hydrate  No.  1 

295 

343 

357 

356 

347 

Ohio  hydrate  No.  2 

168 

243 

283 

282 

262 

Pennsylvania  mason’s 

108 

124 

170 

151 

158 

These  results  show  the  marked  effect  of  the  stirring  upon 
the  plasticity  numbers.  It  was  concluded  that  2  minutes’ 
stirring  was  enough  for  maximum  results.  The  lower  values 
obtained  in  many  cases  for  the  longer  periods  of  stirring  were 
due  to  the  increased  fluidity  of  the  putties — a  result  which  was 
always  produced  by  excessive  stirring.  This  increased 
fluidity  caused  slumping,  with  consequent  reduction  in  the 
plasticity  number,  and  wras  especially  noticeable  with  the 
non-plastic  putties.  Experiments  not  given  show  that  the 
stirring  has  the  same  relative  effects  when  the  quantities  of 
water  are  varied  from  110  to  125  for  each  125  grams  of  hy¬ 
drated  lime. 

Table  II  gives  results  when  125-gram  portions  of  Ohio 
hydrate  No.  1  were  soaked  with  varying  quantities  of  water. 
The  stirring  was  constant  at  2  minutes. 


Table  II — Effect  of  Varying  Quantity  of  Water 


Water 

Cc. 

Plasticity  No. 

Water 

Cc. 

Plasticity  No. 

100 

293 

120 

323 

110 

309 

125 

319 

115 

335 

130 

268 

This  table  shows  that  the  actual  quantity  of  water  is  not 
important.  The  water  could  be  varied  from  115  to  125  cc. 
without  varying  the  plasticity  number  beyond  experimental 
error.  With  100  cc.  of  water  the  putty  was  too  stiff  and  with 
130  cc.  it  was  too  thin;  hence  the  low  values  in  these  cases. 

Table  III  shows  the  effect  of  adding  only  part  of  the  water 
at  the  beginning  and  the  rest  at  the  time  of  final  test.  In  each 
case  125  grams  of  Ohio  hydrate  No.  1  and  100  cc.  of  water 
were  mixed  in  the  beginning,  and  further  quantities  of  water 
were  added  at  the  time  of  final  testing.  The  putties  were 
vigorously  stirred  for  2  minutes  at  the  time  of  final  testing. 

This  table  shows  that  no  apparent  variation  in  the  maxi¬ 
mum  plasticity  readings  is  caused  by  adding  part  rather  than 
all  of  the  water  at  the  beginning  of  the  soaking.  However, 
there  was  less  range  for  variation  in  the  total  quantity  of  water 
that  could  be  used  without  lowering  the  values.  Therefore 
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it  seems  best  to  add  all  the  water  that  will  be  needed  at  the 
beginning. 

Table  III — Effect  of  Adding  Part  of  Water  at  Time  of  Final  Test 


Water  Added  at 

Penetration  op 
Vicat  Needle  in 

Plasticity 

Final  Test 

Final  Putty 

No. 

Cc. 

Mm. 

0 

0 

293 

5 

3 

294 

10 

10.5 

299 

15 

20.5 

334 

20 

29 

325 

25 

31 

303 

Table  IV  shows  that  the  Vicat  needle  is  unreliable  as  a 
measure  of  standard  consistency  unless  previous  stirring  of 
the  putty  for  2  minutes  is  made  a  part  of  the  directions.  In 
each  experiment  125  grams  of  Ohio  hydrate  No.  1  were  used. 

Table  IV — -Effect  of  Stirring  upon  Vicat  Needle  and  upon  Plasticity 


Water  Used  in 

Vicat  Needle 

Plasticity 

Soaking 

Penetration 

Stirring 

No. 

Cc. 

Mm. 

Minutes 

120 

20.5 

4 

308 

135 

22 

0 

96 

140 

27.5 

0 

111 

145 

33.5 

0 

104 

150 

33.5 

0 

103 

155 

33.5 

0 

96 

The  Vicat  needle  readings  were  made  on  the  soaked  putties 
while  still  in  the  vessels  in  which  they  were  soaked.  In  the 
second  experiment  in  this  table  the  Vicat  needle  reading 
showed  “standard  consistency;”  yet  this  unstirred  sample  of 
really  fine  plasticity  would  have  graded  as  a  non-plastic 
hydrate.  Also  it  should  be  noted  that  the  first  experiment 
used  less  water  than  any  of  the  others,  yet  it  gave  the  lowest 
Vicat  needle  reading  and  the  highest  plasticity  number. 
In  those  experiments  where  the  final  putties  were  not  stirred 
the  soaked  material  was  carefully  removed  from  the  soaking 
vessel  into  the  ring  on  the  porous  plate  at  the  time  of  final 
testing.  There  was  no  marked  slumping  of  these  test  pats. 
With  the  large  quantities  of  water  used  in  most  of  these  ex¬ 
periments,  very  little  stirring  would  have  made  the  putties 
too  thin  for  testing.  This  table  certainly  shows  that  the 
stirring,  and  not  the  total  quantity  of  water  or  the  consistency 
as  determined  by  the  Vicat  needle,  is  the  important  factor  in 
making  a  satisfactory  plasticity  determination. 

Discussion 

No  doubt  most  plasticity  determinations  under  the  old 
directions  were  accurate.  It  is  probable  that  all  experienced 
operators  stirred  the  putties  enough  to  avoid  the  very  low 
values  that  result  from  a  lack  of  stirring.  However,  it  seems 
likely  that  the  lack  of  uniform  stirring  by  different  operators 
on  the  same  lime  or  by  the  same  operator  on  the  same  lime  at 
different  times  is  the  cause  of  distressing  variations  in  the 
results  sometimes  obtained.  The  following  changes  are 
therefore  recommended  in  the  directions  for  the  Emley  plas¬ 
tometer: 

Recommendations4 

The  total  quantity  of  water  for  the  test  should  be  added  at 
the  start  of  the  soaking.  The  exact  quantity  of  water  re¬ 
quired  for  any  hydrate  must  be  determined  either  by  previous 
test  or  by  the  following  method:  Four  separate  125-gram 
samples  of  the  hydrate  should  be  soaked  with  110,  115,  120, 
and  125  cc.  of  water,  respectively.  At  the  time  of  final  test 
each  of  these  samples  should  be  stirred  vigorously  for  2  min¬ 
utes  with  a  steel  spatula. 

4  This  recommendation  varies  slightly  from  the  Tentative  Revisions 
of  the  American  Society  for  Testing  Materials  for  1928,  page  853,  which  say, 
“It  (the  putty  at  the  time  of  final  test)  shall  be  vigorously  stirred  with  a 
trowell  or  spatula  for  three  minutes;  molded,  etc.”  The  above  tentative 
changes  were  adopted  after  the  completion  of  this  paper  and  after  copies  of 
this  manuscript  had  been  sent  to  some  of  the  lime  laboratories. 
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Note — The  new  tentative  directions  by  the  American  Society  for 
Testing  Materials  call  for  3  minutes’  stirring.  No  data  in  this  research 
show  that  more  than  2  minutes’  stirring  is  necessary  for  maximum  value 
of  plastometer  reading. 

Those  samples  that  are  too  thin  and  those  that  are  too 
thick  should  be  discarded.  The  plasticity  should  be  de¬ 
termined  upon  the  one  or  two  samples  that  are  free  from  more 
than  slight  slumping  and  the  maximum  value  should  be 
reported.  No  hydrate  available  for  these  tests  required 
quantities  of  water  outside  the  range  given  above.  If  differ¬ 
ent  quantities  of  water  should  be  necessary,  then  the  method 
can  be  varied  accordingly. 


The  inexperienced  operator  should  finish  the  tests  on  all 
the  samples  and  then  report  the  maximum  value.  The  ex¬ 
perienced  operator  will  know  the  particular  sample  that 
should  be  run.  The  putty  should  be  stirred  vigorously  for  2 
minutes  before  using  the  Vicat  needle,  if  anyone  desires  to 
employ  that  method  of  determining  the  right  consistency  for 
the  determination.  If  small  quantities  of  water  are  added  to 
a  thick  putty  to  bring  it  to  standard  consistency  at  the  time 
of  final  test,  correct  results  can  be  obtained.  However,  the 
total  quantity  of  water  to  be  used  cannot  be  varied  so  widely 
as  when  all  the  water  is  added  at  the  beginning  as  recom¬ 
mended  above. 


Problems  in  the  Estimation  of  Unsaturated 
Hydrocarbons  in  Gases 

I— Separation  by  Fractional  Distillation' 

Harold  S.  Davis2 

Research  Laboratory  of  Organic  Chemistry,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


THE  present  paper  deals 
with  fractional  distilla¬ 
tion  through  an  effi¬ 
cient  column  at  low  tempera¬ 
tures,  first,  as  a  practical 
means  for  the  preparation  of 
the  gaseous  unsaturated  hy¬ 
drocarbons  in  a  pure  state, 
and  second,  as  a  method  for 
the  separation  of  mixtures  of 
gaseous  hydrocarbons  into 
groups  containing  only  a  few 
species  of  approximately  the 
same  boiling  point.  Further 
contributions  are  planned 
from  research  now  in  progress 
on  this  project,  which  will  deal 
with  the  utility  of  various 
reagents  for  the  separation  of 
the  individual  hydrocarbons 
in  the  boiling-point  groups. 

The  possibilities  of  fraction¬ 
ation  in  the  analysis  of  these 
substances  are  shown  very  clearly  by  the  chart,  Figure  1, 
which  lists  the  known  gaseous  hydrocarbons  arranged  ac¬ 
cording  to  their  boiling  points  on  a  Centigrade  scale.  Their 
number  is  not  great,  something  over  twenty  scattered  over 
a  temperature  range  of  170°  C.  Only  a  rare  mixture,  if  any, 
contains  them  all.  In  the  case  of  ordinary  liquids  it  would  not 
be  difficult  to  separate  by  fractionation  substances  boiling 
40°  to  60°  C.  apart,  in  a  comparatively  pure  state.  Note 
then  the  positions  of  methane,  ethylene,  propene,  and  the 
butenes  on  the  chart. 

1  Presented  in  part  before  the  Division  of  Petroleum  Chemistry  at 
the  75th  Meeting  of  the  American  Chemical  Society,  St.  Louis,  Mo.,  April 
16  to  20,  1928.  Received  February  1,  1929.  Contribution  No.  42  from 
the  Research  Laboratory  of  Organic  Chemistry,  Massachusetts  Institute 
of  Technology.  This  paper  contains  results  obtained  in  an  investigation  on 
“The  Relative  Rates  of  Reaction  of  the  Olefins,”  listed  as  Project  No.  19  of 
American  Petroleum  Institute  research.  Financial  assistance  in  this  work 
has  been  received  from  a  research  fund  of  the  American  Petroleum  Insti¬ 
tute  donated  by  John  D.  Rockefeller.  This  fund  is  being  administered  by 
the  Institute  with  the  codperation  of  the  Central  Petroleum  Committee  of 
the  National  Research  Council. 

2  Director  and  Research  Associate,  Fellowship  No.  19. 


Fractional  distillation  at 
low  temperatures  and  mostly 
at  low  pressures  from  one 
vessel  to  another  without  any 
fractionating  column  has  been 
used  by  many  investigators 
for  the  separation  and  puri¬ 
fication  of  liquefied  gases.  It 
has  been  applied  to  the  analy¬ 
sis  of  hydrocarbon  gas  mix¬ 
tures.3  However,  it  is  well 
known  that  many  distilla¬ 
tions  in  this  tedious  way  are 
required  to  obtain  results 
equal  to  those  from  one  frac¬ 
tionation  in  a  well-designed 
column.  The  difficulties 
which  have  prevented  the 
general  use  of  fractionating 
columns  for  separating  low- 
boiling  hydrocarbons  lie  in 
their  operation  below  room 
temperature  and  in  the  collec¬ 
tion  and  storage  of  the  products. 

Lucas  and  Dillon4  fractionated  1-butene  to  a  sharp  boiling 
point  —6.7°  to  —6.5°  C.  in  a  glass-packed  column  kept  cool 
by  a  surrounding  jacket  through  which  chilled  brine  was 
circulated. 

Frey  and  Yant5  fractionated  a  portion  of  the  4-carbon-atom 
fraction  of  the  hydrocarbons  in  gas  from  the  low-temperature 
carbonization  of  coal  through  a  vacuum-jacketed  column  of 
glass,  filled  with  5-mm.  brass  rings.  Controlled  reflux  was 
maintained  by  withdrawing  heat  from  the  upper  part  into 
liquid  air  through  an  annular  hydrogen-filled  interspace,  1 
mm.  thick. 

Recently  Oberfell  and  Alden6  have  published  a  valuable 

3  Representative  references  are:  Lebeau  and  Damiens,  Compt.  rend., 
156,  144,  325,  797  (1913);  Burrell,  Seibert,  and  Robertson,  Bur.  Mines, 
Tech.  Paper  142  (1916);  Shepherd  and  Porter,  Ind.  Eng.  Chem.,  15, 
1143  (1923);  Tropsch  and  Dittrich,  Brennstoff-Chem.,  6,  169  (1925);  Coffin 
and  Maass,  J.  Am.  Chem.  Soc.,  50,  1427  (1928). 

4  Lucas  and  Dillon,  Ibid.,  50,  1460  (1928). 

6  Frey  and  Yant,  Ind.  Eng.  Chem.,  19,  489,  493  (1927). 

«  Oberfell  and  Alden,  Oil  Gas  J.,  27,  No.  22,  142  (1928). 


Gases  rich  in  unsaturated  hydrocarbons  are  being 
produced  in  increasing  quantities  at  petroleum  re¬ 
fineries  and  elsewhere,  and  their  chemical  utilization 
is  already  the  basis  for  an  established  industry.  Never¬ 
theless,  further  progress  will  depend  very  largely  upon 
the  extent  to  which  better  methods  can  be  worked  out 
for  the  accurate  estimation  and  separation  of  the 
individual  hydrocarbons  in  the  gaseous  mixtures. 

Fractional  distillation  of  the  hydrocarbons  into 
groups  containing  a  few  of  approximately  the  same 
boiling  point  offers  the  first  approach  to  the  problems. 
The  separation  of  the  individual  hydrocarbons  in  the 
boiling-point  groups  necessitates  measurements  of 
their  relative  rates  of  reaction  with  various  reagents. 
For  these  studies  the  gases  must  be  prepared  in  a  pure 
state  and  properly  stored. 

This  paper  describes  a  column  composed  of  a  narrow 
glass  spiral  surrounded  by  a  silvered  vacuum  jacket 
in  which  liquefied  gases  can  be  fractionated  almost 
as  easily  as  ordinary  liquids. 

Descriptions  of  the  preparation  and  storage  of  pro¬ 
pene  and  each  of  the  three  butenes  are  given. 
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Chart  of  all  known  Hydrocar&ono  boiling  BETWEEN-l6Z*ai2fc 

Arranged  according  to  thcir  Boiling  Points. 


Propane:  CCC 


Ethane  C  C 


Methane  C 
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Propene  cc:c 


Ethylene  c:c 


ALLENE  C'.C'C 


Methyl  cc\c 
Acetylene 


Acetylene 

c;c 


Trimethylene 

0 


CC  of?  —  Denotes  a  Simple  carbon  Bono 

C:C  ••  ••  Double  •• 

C:C  ••  ••  Triple  ••  •• 

Data  prom  International  Critical  Tables 
Elx  c  EL  FT  F  o  R.  S- 
Propene,  5ee  this  article. 

Isobutene,  ••  ••  •• 

1  Butene,  Jour.  Am.  Chem.  5oc.  ,  50 , 1460,  (1928) 

2  Butene,  Ann.  513 , 228  (1900)  at  754  mm. 
Cvclobutene,  Ber.  40  (  39  85)  (l  907)  at729mm. 
Vinyl  Acetylene,  Compt.  rend.  [58  1184(1914) 

Ethyl  Acetylene,  Ber. 46  538(1913)  at  729  mm. 

Cyclopropene  8,  Diacetylene  have  been  described 

BUT  THEIR  BOILING  POINTS  HAVE  NOT  BEEN 
DETERMINED. 


Figure  1 


description  of  equipment  and  proce¬ 
dures  for  the  fractionation  of  liquefied 
gases  through  a  vacuum-jacketed 
column  filled  with  wire  packing. 

Description  of  Fractionating 
Column 

A  sturdy  column7  in  which  liquefied 
gases  can  be  fractionated  almost  as 
easily  as  ordinary  liquids  is  shown  in 
Figure  2.  It  consists  of  3  to  5  meters 
of  5-mm.  glass  tubing  bent  into  a 
spiral  of  30  to  40  turns  with  a  low 
pitch.  An  upright  head  at  the  top  is 
surrounded  by  a  cup  in  which  a  cool¬ 
ing  mixture  is  placed.  Thermal  in¬ 
sulation  and  mechanical  rigidity  are 
secured  by  a  surrounding  glass  jacket, 
which  is  highly  evacuated  and  silvered 
like  a  Dewar  flask,  unsilvered  strips 
being  left  on  opposite  sides  for  ob¬ 
servation. 

The  spiral  is  not  only  an  effective 
fractionating  means,  but  it  takes  up 
the  strains  existing  in  the  glass  during 
a  distillation. 

Note — Spiral  tubes  have  been  used  for 
fractionating  columns  by  LaRue,8  Brown,9  and 
Berlemont.10  Young11  showed  that  the  effec¬ 
tiveness  of  a  narrow  glass  tube  for  fractionat¬ 
ing  liquids  is  increased  by  placing  it  in  a 
sloping  position  and  is  still  further  increased 
by  bending  it  into  a  spiral,  and  that  the 
spiral,  although  the  most  effective  for  frac¬ 
tionation,  actually  holds  up  the  smallest 
quantity  of  liquid.  Previous  to  the  present 
author’s  use  of  spirals,  C.  R.  McCullough 
had  developed  at  this  laboratory  a  thermally 
insulated  spiral  for  fractionating  liquids. 

The  silvered  vacuum  jacket12 
affords  a  most  satisfactory  insulation. 
Even  when  liquids  boiling  100  degrees 
above  or  below  room  temperature  are 
being  fractionated,  little  heat  or  cold 
can  be  felt  through  the  walls. 

Note — -Dewar13  found  that  a  good  ex¬ 
haustion  reduced  the  heat  influx  into  double- 
walled  vessels  to  one-fifth  of  what  is  conveyed 
when  the  annular  space  is  filled  with  air  and 
that  silvering  diminished  to  one-sixth  part  the 
amount  entering  the  exhausted  vessel  with¬ 
out  the  metallic  coating,  the  total  effect  of 


7  Constructed  by  the  Macalaster-Bick- 
nell  Co.,  Cambridge,  Mass. 

8  LaRue,  Z.  anal.  Chem.,  4,  243  (1865). 

9  Brown,  J.  Chem.  Soc .,  37,  49  (1880). 

10  Berlemont,  Bull.  soc.  chim .,  [3]  13,  674 
(1895). 

11  Young,  J.  Chem.  Soc.,  75,  688  (1889). 

12  Silvered  vacuum  jackets  for  fractionat¬ 
ing  columns  were  first  described  by  the  writer, 
Am.  Petroleum  Inst.,  Bull.  9,  No.  53,  14 
(1928);  J.  Am.  Chem.  Soc.,  64,  2779  (1928). 
Unsilvered  vacuum  jackets  have  been  used 
by  Marckwald,  Ber.,  39,  893  (1906);  Robert, 
Compt.  rend.,  168,  998  (1919);  Leslie  and 
Geniesse,  Leslie’s  “Motor  Fuels,’’  p.  555, 
Chemical  Catalog  Co.,  1923;  Frey  and  Yant, 
loc.  cit.,  and  Oberfell  and  Alden,  loc.  cit.  The 
possibilities  of  all-metal  vacuum- jacketed 
columns  should  not  be  overlooked.  See  Re¬ 
port  of  the  Oxygen  Research  Committee, 
Dept.  Sci.  Ind.  Research  {Brit.),  Repts.,  1923. 

13  Dewar,  Proc.  Roy.  Inst.  Gt.  Bril.,  15, 
341  (1896). 
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the  high  vacuum  and  silvering  being  to  reduce  the  ingoing  heat  to  one- 
thirtieth  part. 

Podbielniak14  has  described  vacuum  jackets  covered  with  a  film  of 
silver  thick  enough  to  improve  the  thermal  efficiency  about  three  times 
but  thin  enough  so  that  “the  packing  of  the  column  is  distinctly  seen  by 
aid  of  an  ordinary  flashlight.”  The  writer  has  used  heavy  coats  with 
perfectly  clear  narrow  strips  on  opposite  sides  for  observation.  They  were 
left  by  the  well-known  method  of  silvering  first  one  side  and  then  the  other 
leaving  unsilvered  spaces  between. 

Operation  of  Column 

The  gas  was  liquefied  in  the  device  shown  as  the  condenser 
III,  Figure  2,  and  forced  over  by  air  pressure  into  a  thermos 
bottle.  This  was  attached  to  the  column  by  a  cork  which 
had  been  boiled  in  paraffin  under  vacuum,  the  joints  being 
tested  against  leakage.  The  heat  necessary  for  distillation 
was  supplied  electrically  as  shown.  The  rate  of  distillation 
could  be  accurately  controlled. 

At  the  start  acetone  in  the  Dewar  cup  D  at  the  top  of  the 
column  was  cooled  by  the  addition  of  solid  carbon  dioxide. 

Note — Oberfell  and  Aldenfi  have  also  described  this  cup,  which  was 
developed  independently  by  the  writer.  They  used  liquid  nitrogen  dis¬ 
solved  in  pentane  to  cool  the  head.  However,  a  temperature  as  low  as 
—  70°  C.  can  easily  be  maintained  by  a  single  operator  through  acetone  and 
lumps  of  the  highly  compressed  solid  carbon  dioxide  which  can  now  be 
purchased  from  most  ice-cream  companies. 

To  prevent  foaming  a  small  platform  of  copper  gauze  was 
suspended  by  wires  about  0.5  cm.  below  the  surface  of  the 
acetone.  It  was  very  effective  for  this  purpose;  the  solid 
lumps  of  carbon  dioxide  dissolved  quietly  and  the  thermal 
currents  produced  kept  the  acetone  at  a  moderately  uniform 
temperature  throughout. 

At  first  the  stillhead  C  was  kept  so  cold  that  no  liquid  passed 
over  and  after  about  30  minutes  a  steady  reflux  appeared  in 
the  drop  indicator  at  the  bottom,  showing  that  the  spiral  was 
properly  cooled.  To  obtain  the  most  effective  fractionation 
it  was  necessary  that  at  all  times  a  reflux  showed  in  the  drop 
indicator;  otherwise  the  lower  part  of  the  spiral  acted  like  a 
flask  boiler  and  the  length  effective  for  fractionation  was  de¬ 
creased.  The  temperature  of  the  head  was  then  allowed  to 
rise  until  distillate  appeared  and  this  temperature  was  main¬ 
tained  until  distillation  ceased,  when  it  was  again  permitted  to 
rise,  etc. 

The  distillate  was  collected  in  the  receiver,  F,  placed  in  an 
acetone-carbon  dioxide  mixture  in  a  Dewar  flask  silvered 
except  for  clear  strips.  The  separate  fractions  were  blown 
over  into  suitable  vessels,  mostly  thermos  bottles,  and  finally 
stored  in  steel  bottles  as  described  below. 

Tests  on  the  Effectiveness  of  the  Column 

Note — “Effectiveness”  refers  to  the  degree  of  separation  of  substances 
accomplished  by  the  fractionation;  “efficiency”  to  the  heat  required.16 

Benzene  and  Toluene  (equal  volumes) — Robert12  has  sug¬ 
gested  as  a  measure  of  the  effectiveness  of  a  column  for  frac¬ 
tionating  this  solution,  the  factor  E  =  where  v  is  the  quan¬ 
tity  of  benzene  in  the  original  mixture  and  a  and  b  are  the 
quantities  of  benzene  and  toluene  in  the  first  half  of  the  dis¬ 
tillate. 

One  hundred  cubic  centimeters  of  the  following  solution 
were  fractionated:  50  cc.  of  benzene  (Eastman  Kodak  Co.) 
recrystallized  once  and  fractionated  from  sodium  (b.  p.  79.7- 
79.8°  C.,  f.  p.  5.5°  C.)  +  50  cc.  of  toluene  (Eastman  Kodak 
Co.)  fractionated  from  sodium  (b.  p.  110.5°  ±  0.05°  C.). 
The  water  in  the  stillhead  was  kept  at  70-74°  C.  The  reflux 
in  the  drop  indicator  remained  approximately  constant  at  175 

14  Podbielniak,  Oil  Gas  /.,  27,  No.  35,  38  (1929). 

15  Leslie,  op.  cit.,  p.  121. 


drops  per  minute.  The  distillation  rate  was  about  30  drops 
per  minute  for  the  first  35  cc.  and  then  fell  off  until  at  the  end 
it  was  only  1  drop  per  minute.  The  first  50  cc.  of  distillate 
boiled  at  79.7-81.0°  C.,  and  its  freezing  point  was  4.8°  C. 
The  toluene  content  was  0.6  cc. 

The  following  comparison  can  now  be  made  with  the  tests 
of  Robert  for  an  over-all  distillation  rate  of  1  drop  per  second: 

E 

Vigreux  column  with  14  rows  of  double  points  0.73 

Robert  column,  glass-packed  and  vacuum-jacketed  0.94 

Vacuum-jacketed  spiral  (above  test)  0.97 

Alcohol  and  Water — The  first  40  cc.  fractionated  from  a 
solution  of  40  cc.  alcohol  in  200  cc.  of  water  was  94  per  cent 
alcohol. 

Propene  and  Isobutene — These  substances  were  sepa¬ 
rated  almost  quantitatively.  See  text  on  the  preparation  of 
propene. 


Figure  2 — Apparatus  for  Fractionating  Liquefied  Gases 

I —  Thermos  bottle  from  which  the  liquefied  gas  is  distilled  by  electric 

heating.  » 

II —  Fractionating  column:  A,  drop  indicator;  B,  glass  spiral;  C,  still¬ 
head  with  thermometer;  D,  Dewar  cup  containing  acetone  cooled  by  solid 
carbon  dioxide  supported  on  wire  platform;  E,  evacuated  jacket  silvered 
except  for  clear  strips. 

III —  Condenser:  F,  graduated  receiver;  G,  tube  through  which  distillate 
can  be  blown  to  storage  by  air  pressure  at  H.  All  immersed  in  acetone 
cooled  by  solid  carbon  dioxide  which  is  supported  on  a  wire  platform  in  a 
Dewar  vessel  with  unsilvered  strips. 

Isobutene  and  2-Butene — The  following  results  obtained 
with  a  mixture  of  approximately  equal  volumes  of  the  pure 
substances  show  how  effectively  these  isomers  boiling  only 
8 . 5  °  C .  apar  t  were  separated  in  a  single  f ractionation .  N inety 
per  cent  of  the  isobutene  was  recovered  in  the  first  half  of 
the  distillate. 


64 


ANALYTICAL  EDITION 


Vol.  1,  No.  2 


Original  Mixture 
Boiling  point 


°  C. 

Cc. 

Per  cent 

Isobutene 

-6.8 

19.7 

48.6 

2-Butene 

+i. 

5  to  1 . 7 

20.8 

51.4 

Results  prom  One  Fractionation 

Original 

mixture 

First  9.8  cc. 

First  16  cc. 

First  20  cc. 

Boiling  point 

3d 

o  o 
00  00 

CO  >0 

1  1 

-6.8°  to 
-5.4°  C. 

-6.8°  to 
-3.2°  C. 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Isobutene 

48.6 

94.6 

90.6 

89.9 

2-Butene 

51.4 

5.4 

9.4 

10.1 

Per  cent  of  total 

100 

24 

40 

50 

Time  required  IV2  hours.  Temperature  of  cooling  head,  —19°  C. 


The  analyses  of  the  distillates  were  made  on  gasified  samples 
by  means  of  65  per  cent  sulfuric  acid  in  a  Hempel  pipet.16 

Storage  of  Pure  Gaseous  Hydrocarbons 

It  is  thoroughly  unsatisfactory  to  hold  large  quantities  of 
these  gases  over  water  or  saturated  salt  solution.  Some  are 
quite  soluble  in  pure  water;  air  inevitably  gets  in;  the  con¬ 
tainers  require  much  space;  the  moist  gases  are  exposed  to 
light,  which  favors  chemical  changes,  and  finally,  they  must 
be  dried  each  time  before  use.  Their  reception  in  dry  evacu¬ 
ated  bottles  is  better;  but  here,  too,  much  storage  space  is 
required  and  it  is  difficult  to  withdraw  samples  for  investiga¬ 
tion.  The  liquefied  gases  are  therefore  now  kept  in  steel 
bottles  (430  cc.  capacity)  of  the  type  used  commercially  for 
liquid  hydrogen  sulfide.17  The  valves  supplied  sometimes 
leaked  after  use  and  some  valuable  hydrocarbons  were  lost. 
Accordingly,  the  stoppers  were  drilled  and  tapped  for  the 
attachment  of  ordinary  Vs-inch  (3-mm.)  needle  valves,  the 
threaded  joints  being  soldered. 

For  the  reception  of  the  liquefied  gas  the  bottle  with  its 
stopper  removed  is  cooled  by  acetone-carbon  dioxide  mixture 
in  the  Dewar  vessel  III,  Figure  2.  The  pure  liquid  is  blown 
over  from  the  thermos  bottle  in  which  it  is  held  after  frac¬ 
tionation  as  described  above.  The  steel  bottle  is  then  re¬ 
moved  and  placed  in  a  vise  and  the  stopper  firmly  screwed  in. 
It  stays  cold  for  some  time,  so  that  little  pressure  is  developed 
during  this  process. 

Apart  from  the  convenience  of  having  uniform  samples  of 
pure  gases  readily  available  from  these  bottles  for  experimen¬ 
tation,  it  is  important  to  find  out  what  changes,  if  any,  occur 
in  them  after  long  periods.  If  the  changes  are  negligible, 
these  liquefied  gases  have  many  potential  uses.  For  some 
purposes — e.  g.,  anesthetics  or  the  treatment  of  growing 
plants — propene  and  the  butenes  may  even  be  superior  to 
ethylene  on  account  of  their  greater  chemical  activity. 

Preparation  of  the  Gaseous  Olefins 

Liquid  ethylene  of  high  purity  can  now  be  purchased  in 
cylinders  on  the  market. 

Propene — This  was  prepared  by  dehydrating  c.  p.  iso¬ 
propanol  obtained  from  a  well-known  firm.  The  alcohol  was 
kept  well  cooled  and  well  stirred  while  an  equal  weight  of 
phosphorus  pentoxide  was  slowly  added.  On  heating  the 
mixture  propene  was  smoothly  evolved. 

The  gas  was  collected  over  water  in  a  50-gallon  (190-liter) 
drum.  It  was  passed  through  dilute  and  concentrated  potas¬ 
sium  hydroxide  solutions,  then  through  calcium  chloride, 
liquefied,  and  fractionated  from  sodium.  The  distillates 
exclusive  of  some  lower  boiling  gas  were  collected  as  follows: 


Fraction  Boiling  Point 


Cc. 

°c. 

1 

440 

—  47 . 5  to  —47.0 

2 

3 

—  47.0  to  —  5.8 

3 

10 

—  5 . 8  to  —  3.2 

Residue 

7 

A  part  of  the  third  fraction  boiling  at  —5.8°  C.  was  gasified 
and  found  to  be  readily  soluble  (99  per  cent)  in  65  per  cent 
sulfuric  acid.  Evidently  it  was  isobutene,  which  indicated 
that  the  original  isopropanol  contained  3  per  cent  or  more 
of  tertiary  butanol. 

Practically  all  the  first  fraction  on  redistillation  boiled  at 
—47.3°  ±  0.2°  C.  at  770  mm.  The  temperatures  were  taken 
by  an  alcohol-filled  thermometer,  which  was  compared  with 
a  standard  pentane  thermometer  at  this  point. 

Another  lot  of  the  isopropanol  was  dehydrated  over  active 
alumina  on  pumice  at  300-325°  C.  The  propene  was  frac¬ 
tionated  in  an  inefficient  vacuum-jacketed  spiral  of  only  five 
turns  with  a  slope  too  steep.  The  boiling  point  after  two 
fractionations  was  —47.5°  =*=  0.3°  C.  at  764  mm. 

Isobutene — This  was  prepared  by  heating  tertiary  butanol 
(f.  p.  20°  C.)18  with  an  equal  weight  of  hydrated  oxalic  acid. 
The  yield  was  over  90  per  cent  of  the  theoretical.  If  the 
alcohol  is  added  in  small  lots,  less  oxalic  acid  is  needed. 

The  gas  was  washed  with  water,  dried  by  calcium  chloride, 
and  fractionated  over  sodium.  Exclusive  of  a  small  residue, 
the  isobutene  boiled  at  —6.8°  ±  0.05°  C.  at  760  mm.  (com¬ 
pare  —  6.6°  C.,  Coffin  and  Maass3  and  —6.0°  C.,  I.  C.  T.). 

2-Butene — 2-Butene  was  prepared  from  refined  2-butanol 
made  from  petroleum  gases.  This  alcohol  can  be  dehydrated 
by  phosphorus  pentoxide  in  the  manner  described  above  for 
isopropanol,  giving  butene  yields  over  90  per  cent  of  the 
theoretical.  However,  glacial  phosphoric  acid  served  very 
well.  The  temperature  required  and  the  rate  of  gas  evolution 
depended  on  the  quantity  and  concentration  of  the  acid  used. 
With  1.5  volumes  of  86  per  cent  phosphoric  acid  to  1  volume 
of  alcohol  a  yield  of  butene  over  90  per  cent  of  the  theoretical 
was  quickly  obtained  at  about  117°  C. 

Note — Harries,19  who  found  the  gas  prepared  in  this  way  to  be  pure 
2-butene,  obtained  a  yield  of  only  64  per  cent.  It  is  possible  that  he  added 
the  alcohol  to  the  phosphorus  pentoxide,  a  procedure  which  causes  local 
superheating  and  polymerization. 

The  gas  was  washed  with  water  dried  by  calcium  chloride 
and  fractionated  from  sodium.  Its  boiling  point  was  1.5° 
to  1.7°  C. 

1-Butene — This  butene  was  made  from  normal  butyl  io¬ 
dide  and  alcoholic  potash,  a  method  which  yields  a  pure  prod¬ 
uct.20  After  washing  and  drying  it  was  fractionated  from 
sodium  through  the  small  vacuum-jacketed  spiral  described 
above  under  propene.  The  boding  point  was  —6.9°  to 
—  5.5°  C.  A  much  closer  boiling  cut  can  undoubtedly  be 
obtained  in  the  new  column  with  forty  turns  in  the  spiral. 

As  a  preliminary  test  of  the  apparatus  and  methods  for  the 
analysis  of  gas  mixtures,  a  fractionation  was  made  of  a  sample 
of  fight  petroleum  distillate.  It  had  been  recovered  at  a 
refinery  from  a  mixture  in  unknown  proportions  of  field  gases 
and  gases  from  Cross  cracking  stills.  Sharp  separations  were 
obtained  of  the  hydrocarbon  groups  containing  2,  3,  4,  and  5 
carbon  atoms,  respectively.  Analyses  of  the  constituents  in 
the  groups  made  by  methods  which  will  be  given  later  in  detail 
yielded  the  following  results: 


Ethylene  and  ethane 

Propane 

Propene 

Trimethylene,  allene,  allylene 
Isobutene 
Normal  butenes 
Erythrene 


Per  cent  by  weight 
Substantially  none 

2.5 
0.4 

Substantially  none 

4.5 
8.7 

Substantially  none 


Unfortunately,  in  an  analysis  of  this  kind  there  is  no  way 
to  prove  the  accuracy  of  the  results  and  further  tests  will  be 
carried  out  on  synthetic  mixtures  of  pure  substances. 


16  Dobryanskii,  Neftyanoe  Khozyaistvo,  9,  565  (1925);  C.  .4.,  20,  1576 
(1926). 

w  Purchased  from  The  Matheson  Co.,  North  Bergen,  N.  J. 


13  Obtained  through  the  courtesy  of  Arthur  D.  Little,  Inc. 

19  Harries,  Ann.,  383,  181  (1911). 

20  Coffin  and  Maass,  loc.  cit. 
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Chemical  Examination  of  the  Tissue  of  the 

Cornstalk' 

C.  J.  Peterson  and  R.  M.  Hixon 

Department  op  Chemistry,  Iowa  State  College,  Ames,  Iowa 


During  the  last  few 

years  there  has  been 
a  revival  in  the  at¬ 
tempt  to  utilize  the  cornstalk 
commercially  as  a  source  of 
cellulose.  Most  of  the  publi¬ 
cations  regarding  this  work 
are  of  a  general  descriptive 
nature,2  but  Jackson3  gives 
some  analytical  data  in  addi¬ 
tion  to  a  general  report. 

Most  of  the  other  analytical 
data  available  are  of  an  agri¬ 
cultural  nature  and  of  little 
value  for  commercial  pur¬ 
poses. 

The  following  analytical 
examination  of  the  cornstalk 
has  been  made  as  an  orientation  for  the  experimental  work  in 
this  laboratory.  The  analytical  scheme  is  fundamentally  that 
recommended  by  Schwalbe4  for  the  examination  of  plant 
tissues  and  the  celluloses  derived  from  them.  The  material 
used  for  these  experiments  consisted  of  stalks  from  the  baled 
material  selected  and  cleaned  by  hand.  The  selected  ma¬ 
terial  was  ground  to  pass  a  60-mesh  screen  unless  otherwise 
indicated.  The  moisture  content  of  this  material  was  7.72 
per  cent  on  an  oven-dry  basis  of  105°  C.  The  dry  tissue  ran 
3.62  per  cent  ash  and  0.6  per  cent  ether  extractable  matter. 
The  data  reported  below  are  all  calculated  on  the  dry  basis. 

Lignin  Determination 

The  lignin  analyses  reported  throughout  this  paper  have 
been  obtained  by  the  72  per  cent  sulfuric  acid  method,  using 
the  procedure  recommended  by  Schorger.6  This  method 
gives  higher  results  than  does  the  hydrochloric  acid  method  of 
Willstatter  and  Kalb,6  although  it  is  an  easy  matter  to  obtain 
check  results  by  either  procedure.  Similar  difficulties  with 
flax  and  hemp  were  pointed  out  by  Schwalbe  and  Becker.7 
Determinations  of  lignin  in  the  cornstalk  by  these  methods 
gave  the  following  average  results: 


Method  Per  cent 

72%  sulfuric  acid . 34.3 

Willstatter . 26.2 


Cellulose  in  the  Cornstalk 

The  term  “cellulose”  in  carbohydrate  chemistry  is  gener¬ 
ally  restricted  to  the  inert  substance  of  the  same  percentage 
composition  as  starch  (CeHnOs)*  but  presumedly  more  highly 
polymerized.  The  term  is  not  so  restricted  in  the  less  tech- 

1  Received  August  14,  1928. 

2  Rommel,  Ind.  Eng.  Chem.,  20,  716  (1928);  Ibid.,  News  Edition, 
p.  1  (May  20,  1928) ;  p.  7  (July  20,  1928) ;  Kirkpatrick,  Chem.  Met.  Eng.,  36, 
401  (1928). 

3  Jackson,  Paper  Mill,  60,  No.  36,  2  (1927). 

4  Schwalbe,  Z.  angew.  Chem.,  32,  125,  229  (1919). 

6  Schorger,  "Chemistry  of  Cellulose  and  Wood,”  p.  524,  McGraw-Hill 
Book  Co.,  1926. 

•  Willstatter  and  Kalb,  Ber.,  66,  2640  (1922). 

7  Schwalbe  and  Becker,  Z.  angew.  Chem.,  32,  126  (1919). 


nical  language,  as  is  indicated 
by  the  terms  alpha-cellulose, 
beta-cellulose,  and  gamma- 
celluloSe  used  in  the  analyses 
of  the  commercial  products. 
The  product  obtained  by  the 
Cross  and  Bevan8  analytical 
method  is  reported  as  cellu¬ 
lose,  although  it  is  recognized 
that  this  product  may  contain 
considerable  furfural-yielding 
material  and  small  quanti¬ 
ties  of  lignin. 

The  Cross  and  Bevan  de¬ 
termination  leaves  a  residue 
of  45.5  per  cent  of  the  stalk 
as  cellulose  pulp.  This  prod¬ 
uct  contains  furfural-yielding 
material  to  the  equivalent  of  17.1  per  cent  pentosan.  The 
lignin  determination  by  the  72  per  cent  sulfuric  acid  method 
gives  5.8  per  cent  lignin  while  the  Willstatter  method  indicates 
3.3  per  cent.  The  ash  ran  0.6  per  cent.  Variation  in  the 
methods  of  the  treatment  will,  of  course,  change  these 
values.  If  the  pentosan,  lignin,  and  ash  are  calculated  to 
per  cent  of  original  stalk  and  subtracted  from  the  value 
for  Cross  and  Bevan  cellulose,  the  following  results  are  ob¬ 
tained: 


Per  cent 

Cellulose  pulp 

45.5 

Pentosan 

7.8 

Lignin,  average 

2.0 

Ash 

0.3 

Cellulose,  by  difference 

35.4 

Hemicellulose  in  the  Cornstalk 

The  definition  for  this  group  of  substances  is  even  less 
precise  than  the  definition  for  cellulose.  It  is  generally 
agreed  that  they  are  the  group  of  polysaccharides  of  the  tissue 
which  are  insoluble  in  water  but  soluble  in  caustic  solution, 
and  are  more  subject  to  acid  hydrolysis  than  the  cellulose. 
They  are  subdivided  according  to  the  simple  sugars  obtained 
by  hydrolysis — xylans,  galactans,  mannans,  and  mixtures 
such  as  galacto-arabans,  etc. 

A  part  of  the  confusion  is  due  to  the  fact  that  alkaline  ex¬ 
traction  does  not  give  a  sharp  separation  between  the  cellulose 
and  hemicellulose  and  also  removes  a  portion  of  the  lignin. 
As  would  be  expected,  the  values  obtained  by  alkaline  ex¬ 
traction  of  the  tissue  do  not  agree  with  those  obtained  by  acid 
hydrolysis  of  the  tissue.  These  difficulties  have  led  to  the 
postulation  of  many  different  kinds  of  hemicelluloses. 

With  the  cornstalk  an  approximation  has  been  made  by  5 
per  cent  alkaline  extraction  of  the  tissue  followed  by  analysis 
of  both  the  residue  and  filtrate.  The  tissue  was  treated  three 
times  for  12,  4,  and  4  hours,  respectively,  with  sufficient  5  per 
cent  sodium  hydroxide  to  moisten  it  at  room  temperatures. 
The  solutions  were  pressed  off  and  the  residual  tissue  washed 

8  Cross  and  Bevan,  "Cellulose,”  p.  94,  Longmans,  Green  and  Co., 

1916. 


An  analytical  examination  of  the  cornstalk  indicates 
that  it  consists  primarily  of  lignin  (approximately 
30  per  cent),  pentosan  (approximately  27  per  cent), 
cellulose  (approximately  36  per  cent).  There  is  little 
polyhexose  material  subject  to  acid  hydrolysis  (2  to  6 
per  cent)  and  no  pectic  material  could  be  definitely 
identified. 

Directions  are  given  for  the  isolation  from  the  corn¬ 
stalk  by  alkali  extraction  of  a  pentosan  fraction  (with 
about  25  per  cent  impurity  as  ash  and  lignin)  and  of  a 
lignin  fraction  (apparently  containing  no  carbohy¬ 
drates). 

The  shell,  pith,  and  vascular  bundles  have  been  dis¬ 
sected  from  the  cornstalk  and  analyzed.  The  com¬ 
position  of  these  tissues  does  not  vary  greatly  from  that 
of  the  total  stalk.  The  cellulose  pulp  prepared  from 
the  pith  dries  to  a  parchment-like  paper. 
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Figure  1 — Photomicrographs  of  Cellulose  Pulp  from  the. Cornstalk  Prepared  by  the  de  Vains  Process 

a  and  b  from  vascular  bundles  and  parenchyma  carefully  dissected  out.  c  and  d  from  mechanically  separated  prosenchymatous 

and  parenchymatous  tissues. 


with  warm  water  after  each  extraction.  This  treatment 
dissolved  46.2  per  cent  of  the  stalk,  leaving  53.8  per  cent  as 
residue.  Analyses  for  pentosans  by  furfural  showed  17.3  per 
cent  of  the  stalk  calculated  as  pentosans  in  the  extract  with 
7.1  per  cent  in  the  residue.  The  sum  of  these  results,  24.4 
per  cent,  indicates  an  unaccountable  loss  in  pentosan  equiva¬ 
lent  to  3.2  per  cent  of  the  stalk,  since  the  original  tissue  con¬ 
tained  27.6  per  cent  pentosan.  A  determination  of  reducing 
sugars  indicated  little,  if  any,  reducing  sugars  other  than 
those  calculated  as  pentosans.9 


Table  I — Composition  of  Cornstalk  under  Various  Analytical 
Treatments 

(Results  in  percentage  of  original  stalk  dried  at  105°  C.) 


Origi¬ 

nal 

Stalk 

5%  NaOH  Ex¬ 
tract  of  Stalk 

Acid 

Hydrolysis 

Designation  of 
Tissue 

46.2% 

Fraction 

(soluble) 

53.8% 

Fraction 

(not 

soluble) 

40.7% 

Fraction 

(soluble) 

59.3% 

Fraction 

(not 

soluble) 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Lignins 

34.4 

26.5  (by 
diff.) 

7.8 

14.3  (by 
diff.) 

20.0 

Ash 

Hemicellulose: 

3.6 

1.6 

1.4 

Pentosans 

27.6 

17.3 

7.1 

20.8 

4.1 

Hexosans 
Cellulose,  by  diff. 

1.3 

33.1 

None 

37.3 

4.9 

33.8 

An  acid  hydrolysis  of  the  tissue  was  run  using  2.5  grams  of 
tissue  and  20  cc.  of  1.125  specific  gravity  hydrochloric  acid  in 
200  cc.  of  water  at  boiling  temperatures  under  reflux  for  2L/2 
hours.  This  treatment  dissolved  40.7  per  cent  of  the  corn¬ 
stalk.  A  gravimetric  Fehling’s  determination  gave  a  copper 
equivalent  of  26.4  per  cent  glucose  in  the  solution.  A  furfural 
determination  gave  20.8  per  cent  pentosan  in  the  solution  and 
4. 1  per  cent  in  the  residue.  The  sum  of  these  values  gives  24.9 
per  cent  pentosan,  which  indicates  an  unaccountable  loss  of  2.7 
per  cent  pentosan  from  that  of  the  original  sample.  Since  the 
reducing  values  of  glucose  and  xylose  are  about  the  same,9 
a  subtraction  of  the  furfural  value  for  xylose  of  21.5  per  cent 
from  the  glucose  value  would  indicate  that  about  4.9  per  cent 
of  the  stalk  as  reducing  sugars  other  than  xylose  might  be 
present. 

The  residue  from  the  acid  hydrolysis,  59.3  per  cent  of  the 

•  This  statement  is  based  on  the  equivalent  copper  value  of  glucose  and 
xylose  as  reported  by  Stone,  Ber.,  23,  379$  (1890). 


original  stalk,  contained  1.4  per  cent  ash,  4.1  per  cent  pentosan, 
and  20.0  per  cent  lignin  based  on  the  original  stalk.  This 
would  leave  33.8  per  cent  cellulose  in  the  stalk  by  dif¬ 
ference. 

A  summary  of  the  results  of  the  three  independent  series  of 
analytical  procedures  is  given  in  Table  I.  It  will  be  observed 
that  the  sums  of  these  various  procedures  check  fairly  well  for 
the  indicated  fractional  composition  of  the  cornstalk  and  that 
the  values  for  cellulose  by  difference  check  roughly  with  the 
value  35.4  obtained  from  the  corrected  Cross  and  Bevan  value. 
The  analytical  procedures  upon  which  these  results  are  based 
are  not  considered  sufficiently  selective  to  warrant  the  in¬ 
clusion  of  the  nitrogenous  and  ether-soluble  fractions,  since 
their  magnitudes  would  be  within  the  experimental  error  of 
these  values. 

Pectin  in  the  Cornstalk 

An  effort  has  been  made  to  determine  the  pectin  content  of 
the  cornstalk  as  a  means  of  correlation  with  retting  experi¬ 
ments.  A  direct  isolation  failed  to  give  any  pectin  or  pectic 
acid.  An  indirect  attempt  was  made  by  determining  galac¬ 
tose  on  the  assumption  that  all  pectins  are  characterized  by 
yielding  mucic  acid  on  oxidation.  The  quantities  of  mucic 
acid  obtained  were  so  small  that  definite  identification  was 
doubtful.  In  this  connection  attention  should  be  called  to 
the  work  of  Ritter,10  which  shows  that  the  middle  lamella  of 
basswood  tissue  consists  of  lignin  and  not  pectin  or  calcium 
pectate.  The  question  arises  as  to  whether  a  similar  change 
takes  place  in  the  lignification  of  the  cornstalk. 

Isolation  and  Analysis  of  Pentosans  from  Cornstalk 

In  preparing  xylan  or  wood  gum  it  is  common  practice  first 
to  extract  the  tissue  with  1  per  cent  ammonium  hydroxide  to 
remove  the  water-soluble  constituents,  coloring  matter,  etc. 
Analysis  of  this  extract  gave  the  following  results: 

Per  cent 

Total  solids  extracted  by  1  per  cent  ammonia  6.00 
Total  sugars  (calculated  as  glucose)  2.17 

Pentosans  (by  furfural)  ,0.85 

Galactans  (by  mucic  acid)  Indefinite  trace 

This  analysis  indicates  that  the  water-soluble  hexose  carbohydrates,  in¬ 
cluding  starch,  are  not  present  to  more  than  about  2.0  per  cent  of  the  total 
stalk. 


10  Ritter,  Ind.  Eng.  Chem.,  17,  1195  (1925). 
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After  the  preliminary  treatment  with  1  per  cent  ammonia, 
the  tissue  was  extracted  with  5  per  cent  sodium  hydroxide  as 
described  for  the  determination  of  hemicelluloses.  Alcohol 
was  added  to  this  extract  until  precipitation  ceased.  This 
usually  required  a  volume-to- volume  proportion;  in  a  few 
cases  more  alcohol  was  necessary.  The  precipitate  settled 
fairly  rapidly  and  was  filtered  off  through  paper  after  about 
6  hours’  standing.  The  material  was  reprecipitated  by 
adding  alcohol  to  a  1  per  cent  sodium  hydroxide  solution  of 
the  material.  The  yellow,  amorphous  powder  obtained  by 
drying  this  residue  gave  the  following  analysis: 

Per  cent 
12.2 
69.5 
13.1 
8.1 

Total  102.9 

Reducing  sugars  as  xylan  (by  Fehling)  69.0 


It  was  presumed  that  most  of  the  lignin  content  of  the 
cornstalk  would  be  found  in  the  vascular  bundles  and  that  the 
hemicellulose  would  be  largely  concentrated  in  the  paren¬ 
chymatous  tissues.  The  analytical  data  (Table  II)  do  not 
support  this  presumption,  the  analyses  of  these  different 
tissues  being  about  the  same  as  that  for  the  total  stalk.  To 
obtain  these  data  the  outer  shell  of  the  stalk  was  peeled  off 
with  a  sharp  knife,  the  inner  pith  cylinder  softened  in  water, 
and  the  vascular  bundles  separated  from  the  pith  by  carefully 
pulling  out  each  fiber  and  scraping  away  the  softer  paren¬ 
chymatous  tissue.  The  separated  tissues  were  then  analyzed 
as  previously  described  for  the  total  stalk  except  that  the 
cellulose  pulp  was  obtained  by  a  modification  of  the  de  Vains 
process  instead  of  by  the  Cross  and  Bevan  analytical  method. 
It  will  be  observed  that  the  values  for  cellulose  by  difference 
check  roughly  with  the  value  reported  for  the  total  stalk. 
(Table  I) 


Moisture  (loss  at  100°  C.)  _ 
Pentosan  (furfural  distillation) 
Lignin  (72  per  cent  sulfuric  acid) 
Ash 


In  view  of  the  fact  that  the  reducing  sugars  and  furfural 
determination  check,  it  seems  probable  that  this  material  is 
xylan,  with  the  impurities  indicated. 

Note — The  furfural  determinations  have  been  calculated  as  xylan 
throughout  this  paper  on  this  evidence.  This  fraction  is  being  more  closely 
examined  and  until  that  time  the  furfural  values  should  be  interpreted  with 
the  usual  reservations.  Cf.  Klingstedt,  Z.  anal.  Chem.,  66,  129  (1925). 
The  work  of  Brown  and  Tollens,  Ber.,  36,  1457  (1902),  indicates  that  small 
amounts  of  arabinose  are  to  be  expected. 

The  same  procedure  is  frequently  used  and  the  precipitated 
fraction  designated  as  “hemicellulose.”  Varying  amounts  of 
lignin  can  be  brought  down  with  this  fraction  according  to  the 
manipulation  details. 

Isolation  and  Analysis  of  Lignin  Fraction 

The  lignins,  although  insoluble  in  either  water  or  alcohol, 
are  quite  soluble  in  a  mixture  of  the  two  solvents.  The  fil¬ 
trate  from  the  isolation  of  the  pentosan  fraction  was  fraction¬ 
ally  distilled  to  remove  the  alcohol,  the  lignins  remaining  in 
solution  in  the  aqueous  sodium  hydroxide.  When  the  alcohol 
was  removed,  the  solution  was  cooled  and  acidified,  the  lignins 
separating  at  once.  They  were  purified  by  twice  taking  up  in 
1  per  cent  sodium  hydroxide  and  reprecipitating  by  acidifi¬ 
cation. 

The  lignins  (or  lignic  acids)  were  obtained  as  a  light  brown, 
amorphous  powder.  When  suspended  in  water,  they  softened 
at  60°  C.  to  a  sticky,  resinous  oil,  which  immediately  solidified 
upon  cooling  to  a  brittle,  easily  pulverized  mass.  This 
characteristic  changes  with  time.  The  analysis  of  this  frac¬ 
tion  was  as  follows: 


Moisture  (loss  at  100°  C.) 

Pentosans 

Reducing  sugars  (hydrolysis) 

Lignin  (by  72  per  cent  sulfuric  acid) 
Ash 


Per  cent 
22.0 

Indefinite  trace 
Indefinite  trace 
76.1 
1.0 


Total  99.1 

Methoxy  content  14.0 


Separation  and  Analysis  of  Three  Structural  Tissues  of 

Cornstalk 

The  matured  cornstalk  can  be  easily  separated  into  three 
different  tissues  or  combinations  of  tissues:  ( a )  the  epidermis 
and  the  peripheral  vascular  bundles  or  the  outer  shell  of  the 
stalk;  ( b )  the  pith  or  fundamental  parenchyma  of  the  stalk 
(the  term  “pith”  as  used  by  Jackson3  and  by  Sherwood 
apparently  includes  the  vascular  bundles  as  well  as  the  par¬ 
enchymatous  tissues);  (c)  the  inner  vascular  bundles  inter¬ 
spersed  through  the  pith  of  the  stalk.  Of  these  tissues,  the 
outer  shell  and  the  central  vascular  bundles  are  predominantly 
fibrous  in  structure  and  of  woody  appearance.  The  pith  is 
composed  of  more  or  less  cubical  cells  of  soft  and  spongy 
texture. 


Table  II — Comparison  of  Compositions  of  the  Cortex,  Vascular 
Bundles,  and  Pith  of  the  Cornstalk 


Outer 

Shell 

Vascular 

Bundles 

Pith 

Total 

Cornstalk 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Pentosan 

25.9 

26.4 

27.7 

27.6 

Lignin 

33.5 

35.2 

32.0 

34.3 

Cellulose  pulp 

55.9 

50.2 

50. 1 

52.6 

Pentosans  in  pulp 

16.6 

13. 1 

12.2 

14.2 

Cellulose  (by  difference) 

39.3 

37.1 

37.9 

38.4 

Although  these  tissues  had  approximately  the  same  chemi¬ 
cal  composition,  the  physical  nature  of  the  cellulose  pulp 
prepared  from  the  pith  was  very  different  from  that  prepared 
from  the  other  tissues.  The  pulp  prepared  from  the  vascular 
bundles  and  outer  shell  was  distinctly  fibrous  in  texture  and 
formed  a  good  mat  in  filtering.  The  pulp  prepared  from  the 
pith  had  no  visible  fiber  and  in  appearance  resembled  the 
gelatinized  celluloses.  Photomicrographs  of  these  pulps  are 
shown  in  Figure  la  and  b.  These  tissues  had  no  mechanical 
treatment  and  it  is  difficult  to  believe  that  treatment  with  1 
per  cent  caustic  as  used  in  the  preparation  of  the  material 
would  cause  such  a  degree  of  gelatinization.  It  seems  more 
probable  that  this  property  is  due  to  the  original  subdivision 
of  the  tissue  into  thin-walled,  isodiametric  cells  rather  than  to 
the  chemical  nature  of  the  cellulose. 

The  tedious  task  of  dissecting  these  tissues  would  handicap 
any  great  extension  of  the  above  studies.  Since  these  results 
indicated  such  a  decided  difference  in  the  physical  nature  of 
these  tissues,  a  mechanical  device  for  separating  the  paren¬ 
chymatous  tissues  from  the  shell  and  vascular  bundles  has 
been  developed.11  The  success  of  the  separation  can  be 
judged  by  comparing  the  photomicrographs  c  and  d  in  Figure  1 
with  those  of  the  corresponding  hand-separated  tissues. 

It  should  be  emphasized  that  these  statements  are  not  to  be 
interpreted  to  mean  that  paper  cannot  be  made  from  the  pith 
of  the  cornstalk.  Sheets  prepared  from  the  mechanically 
separated  pith  resemble  the  rice  papers  of  the  Chinese.  The 
facts  that  the  pith  is  very  bulky,  that  it  will  yield  to  milder 
chemical  treatment  than  the  rest  of  the  stalk,  and  that  it  is 
almost  impossible  to  bleach  it  to  a  white  pulp  indicate  that 
it  would  be  more  economical  to  separate  it  from  the  more 
fibrous  tissues  which  constitute  about  80  per  cent  of  the  stalk. 

P'  11  The  machine  patented  by  Sherwood,  U.  S.  Patent  627,882  (1899), 
apparently  separated  the  shell  from  the  central  portion  of  the  stalk,  the 
term  “pith”  being  used  to  designate  the  central  parenchyma  and  vascular 
bundles  as  well.  The  same  applies  to  U.  S.  Patents  720,850  and  720,851 
(1903). 


f'  Germany  to  Produce  Sugar  from  Wood — Subsequent  to  the 
establishment  in  July,  1928,  of  Holzhydrolyse  A.  G.,  in  Heidel¬ 
berg,  for  wood  saccharification  utilizing  the  Bergius  patents, 
it  is  now  proposed  to  erect  a  plant  in  Stettin  with  an  estimated 
capacity  of  600  to  700  tons  daily. 
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Cupric  Oxide  as  a  Standard  in  Iodimetry1 

T.  F.  Buehrer  and  C.  Morgan  Mason 

University  of  Arizona,  Tucson,  Ariz. 


Reliable  standards 
for  volumetric  analy¬ 
sis  have  engaged  the 
attention  of  the  research  and 
analytical  chemist  ever  since 
volumetric  procedure  came  to 
be  generally  employed.  Cer¬ 
tain  requirements  which  a 
satisfactory  standard  must 
fulfil  have  in  the  course  of 
time  been  set  up,  the  essential 
ones  being: 

(1)  It  should  be  100  per  cent 
pure  or  of  definitely  known 
purity. 

(2)  It  should  be  uniform  in 
composition. 

(3)  It  should  be  stable  to  air, 
moisture,  and  light. 

(4)  It  should  be  readily  solu¬ 
ble  in  water  or  simple  reagents. 

(5)  It  should  be  colorless  or  produce  no  colored  compounds. 

(6)  It  should  be  non-hygroscopic  and  have  no  water  of  crys¬ 
tallization. 

(7)  It  should  have  a  high  molecular  weight. 

(8)  It  should  be  a  compound  rather  than  an  element  so  that 
relatively  large  samples  may  be  taken  and  weighing  errors  re¬ 
duced. 

(9)  It  should  be  capable  of  direct  titration. 

Of  the  six  generally  accepted  iodimetric  standards  metallic 
copper  is  regarded  as  reliable  and  is  almost  universally  used 
for  the  standardization  of  thiosulfate  solutions  in  industrial 
laboratories.  It  is  perhaps  natural  that  electrolytic  copper 
wire,  such  as  is  used  for  transmission  lines  and  in  electrical  in¬ 
struments,  should  have  been  assumed  to  be  100  per  cent  pure; 
for  it  is  well  known  that  even  small  percentages  of  impurity  in 
copper  greatly  increase  its  electrical  resistance  and  may  cause 
considerable  power  losses.  Numerous  tests  of  supposedly 
pure  copper  foils  and  wire  have  convinced  the  authors  that 
this  assumption  is  not  tenable.  Impurities  have  been  found 
in  the  very  best  electrolytic  copper  as  purchased  from  supply 
houses,  not  only  in  greater  or  lesser  quan  tity,  but  also  in  very 
non-uniform  distribution.  If  adjacent  strips  of  foil  are  used 
in  standardizations,  errors  of  considerable  magnitude  may 
occur  and  perhaps  be  entirely  overlooked,  because  they  may 
afford  perfect  checks  in  titrations  and  jret  deviate  greatly  from 
100  per  cent  purity.  In  some  instances  these  deviations  have 
been  found  to  be  as  great  as  1  per  cent.  An  average  percent¬ 
age  purity  factor  for  a  foil  or  wire  can  obviously  have  no 
meaning.  Surface  corrosion  adds  to  this  inaccuracy,  because 
it  cannot  always  be  entirely  removed.  The  same  objections 
apply  to  metallic  iron,  which  some  investigators  still  continue 
to  employ  in  standardizing  permanganate  or  dichromate 
solutions. 

The  foregoing  facts  suggested  the  desirability  of  investigat¬ 
ing  metallic  copper  to  determine  the  extent  of  its  deviation 
from  purity  and  of  developing  a  new  standard  which  would 
obviate,  if  possible,  the  difficulties  which  it  presents.  If  the 
thiosulfate  solution  is  to  be  used  for  copper  titrations,  it  is 
desirable  that  the  same  end  conditions  shall  obtain  in  the  final 

1  Presented  before  the  Physical  Sciences  Section  of  the  Southwestern 
Division  of  the  American  Association  for  the  Advancement  of  Science, 
Flagstaff,  Ariz.,  April  13  to  16,  1928.  Received  August  14,  1928. 


titration  as  in  the  standardi¬ 
zation.  No  work  having 
been  published  on  cupric 
oxide,  this  compound  was 
studied  in  detail  and  a  com¬ 
parison  made  of  it  with  the 
other  existing  iodimetric 
standards. 

Unreliability  of  Metallic 
Copper  as  a  Standard 

The  first  determinations 
were  made  on  copper  foil  to 
establish  the  extreme  varia¬ 
tions  in  its  copper  content  and 
to  ascertain  what  other  ele¬ 
ments  were  present  as  im¬ 
purities.  The  foils  were  ob¬ 
tained  from  the  following 
sources: 

Foil  A.  From  a  well-known  supply  house  by  the  Department 
of  Chemistry,  University  of  Arizona. 

Foil  B.  From  a  large  copper  smelter  laboratory  in  Arizona 
where  it  is  used  as  a  standard. 

Foil  C.  From  the  Southwest  Station  of  the  U.  S.  Bureau  of 
Mines,  Tucson,  Ariz. 

After  being  thoroughly  cleaned,  the  strips  of  foil  were  pre¬ 
served  against  further  tarnish  in  a  desiccator  over  phosphorus 
pentoxide.  Relatively  large  samples  (about  0.4  gram)  were 
taken,  so  as  to  reduce  errors  in  weighing.  These  were  dis¬ 
solved  with  3  cc.  of  6  A  nitric  acid  and  3  cc.  6  N  sulfuric  acid 
in  150-cc.  electrolytic  beakers,  and  as  soon  as  dissolved  were 
electrolyzed  at  a  normal  current  density  of  0.8  ampere.  Urea 
was  added  near  the  end  of  the  electrolysis  to  remove  any 
nitrous  acid  formed.  The  deposits  were  in  all  cases  bright; 
completeness  of  deposition  was  determined  on  the  solutions 
with  hydrogen  sulfide  water.  The  results  are  summarized 
in  Table  I. 


Table  I — Variations  in  Copper  Content  of  Copper  Foils 


No.  OF 

—Copper  Content 

Fon, 

Detns. 

Min. 

Max. 

Deviation 

Per  cent 

Per  cent 

Per  cent 

A 

19 

99.00 

100.08 

1.08 

B 

19 

99.43 

100.08 

0.65 

C 

17 

99.41 

100 . 09 

0.68 

The  electrolytic  method  by  which  the  above  data  were  ob¬ 
tained  affords  an  accuracy  which  is  wTell  within  0.1  per  cent. 
There  was  therefore  justification  in  concluding  that  the  ex¬ 
treme  variations  recorded  in  Table  I  are  not  due  to  experi¬ 
mental  or  instrumental  errors,  but  truly  indicate  a  very  non- 
uniform  distribution  of  impurities  throughout  the  foil.  An 
average  of  these  figures  to  obtain  a  so-called  “purity  factor” 
can  be  little  better  than  a  rough  approximation. 

In  the  analysis  of  the  foils  the  authors  avoided  the  removal 
of  the  impurities  prior  to  the  electrolysis,  for  two  reasons: 
(1)  They  are  never  so  removed  in  process  of  standardizing  a 
solution;  and  (2)  successive  precipitations  and  filtrations  to 
remove  small  amounts  of  impurity  were  believed  to  intro¬ 
duce  indeterminate  errors  into  the  results.  The  procedure  as 
used  would  yield  a  pure  copper  deposit  in  the  presence  of  iron, 
arsenic,  or  zinc;  if  silver  or  lead  were  present  it  would,  of 


Metallic  copper,  which  has  been  in  use  as  an  iodi¬ 
metric  standard  for  many  years,  has  been  subjected  to 
a  critical  investigation  and  found  to  be  unreliable 
because  of  variable  composition.  Cupric  oxide  is  sug¬ 
gested  as  a  satisfactory  standard,  as  it  is  stable,  readily 
obtained  uniform  in  composition,  and  easily  soluble  in 
sulfuric  acid. 

Cupric  oxide  has  been  compared  with  such  accepted 
standards  as  potassium  permanganate,  potassium  di¬ 
chromate,  potassium  iodate,  iodine,  copper  sulfate 
solution,  and  metallic  copper,  and  found  to  compare 
favorably  with  the  best  in  point  of  precision. 

The  procedure  generally  employed  in  iodimetric  ti¬ 
trations,  which  involves  neutralization  with  ammonia 
followed  by  acidification  with  acetic  acid,  is  found  to 
be  unnecessary  in  cases  where  the  sample  is  freed  of 
nitrates  by  fuming.  Titrations  with  thiosulfate  may  be 
made  with  accuracy  in  the  acidities  resulting  from  the 
sulfuric  acid  remaining  after  fuming  to  dryness. 
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course,  deposit  along  with  the  copper.  Qualitative  tests 
were  accordingly  made  on  the  foils,  with  results  as  shown  in 


Table  II. 


Table  II — Impurities 

Foil  A 

Iron  Trace 

Arsenic  None 

Silver  0.5% 

Lead  None 


Present  in  Copper  Foils 

Foil  B  Foil  C 

Trace  Trace 

.  .  .  None 

None  None 

None  None 


Experiments  with  Cupric  Oxide 

Cupric  oxide  was  found  to  fulfil  most  of  the  conditions  for  a 
satisfactory  standard,  particularly  that  of  uniformity.  Uni¬ 
formity  of  composition  is  more  important  than  100  per  cent 
purity,  because  a  purity  factor  can  be  determined  which  will 
be  constant  and  definite.  Attention  was  accordingly  directed 
to  working  out  a  method  of  preparation  which  would  prevent, 
as  far  as  possible,  occlusion  and  adsorption  during  the  pre¬ 
cipitation,  but  would  also  insure  complete  dehydration  on 
ignition  without  reduction  to  the  metallic  form. 

With  the  needs  of  both  plant  control  work  and  of  the  most 
precise  analytical  work  in  mind,  various  samples  of  oxide 
were  prepared  as  follows: 

(1)  Baker’s  technical  oxide  was  washed,  screened  in  water 
suspension  through  a  200-mesh  sieve,  dried,  and  subsequently 
ignited  in  a  current  of  oxygen  at  about  400°  C.  for  4  hours. 

(2)  Kahlbaum’s  cupric  carbonate  was  ignited  in  a  current  of 
dry  oxygen. 

(3)  Cupric  hydroxide  was  precipitated  from  copper  sulfate 
solution  with  potassium  hydroxide,  washed,  dried,  and  ignited  as 
in  (1). 

(4)  Cupric  hydroxide  was  precipitated  from  cupric  nitrate 
solution  by  fresh  ammonia  distilled  into  the  solution.  Fifty 
per  cent  potassium  hydroxide  solution  was  added,  and  the  sus¬ 
pension  boiled  to  cause  the  partially  hydrated  oxide  to  settle 
out.  After  drying  it  was  ignited  as  in  (1).  After  the  ignition, 
the  products  were  rolled  on  cloth  or  in  ball  mill  to  insure  com¬ 
plete  mixing. 

The  purity  of  the  oxide  was  determined  electrolytically,  and 
in  some  instances  the  deposited  copper  was  titrated  with 
thiosulfate  as  a  check.  A  weighed  sample  was  simply  dis¬ 
solved  in  3  to  5  cc.  of  6  N  sulfuric  acid,  3  cc.  of  6  N  nitric  acid 
were  added,  the  sample  was  diluted  to  50  cc.  and  electrolyzed. 
No  metallic  copper  particles  were  observed  in  any  of  the 
oxides.  A  microscopic  examination,  made  by  F.  N.  Guild,  of 
the  University  of  Arizona,  of  a  polished  specimen  obtained 
by  embedding  some  of  the  oxide  in  hard  wax,  also  established 
the  absence  of  copper.  Table  III  summarizes  the  data  so 
obtained. 


Table  III — -Uniformity  of  Cupric  Oxide  for  Use  as  a  Standard 


Detn. 

Sample  (1) 

Sample  (4) 

Sample  (W) 

Per  cent 

Per  cent 

Per  cent 

1 

79.65 

78.77 

79.45 

2 

79.76 

78.87 

79.30 

3 

79.68 

78.83 

79.40 

4 

79.64 

78.87 

79.45 

5 

79.80 

78.79 

79.30 

6 

79.65 

78.80 

7 

79.76 

78.83 

8 

79.80 

78.87 

9 

79.80 

78.87 

Mean 

79.73 

78.84 

79.38 

The  theoretical  percentage  of  copper  in  cupric  oxide  is  79.89 
per  cent.  The  data  in  Table  III  indicate  that  the  oxides 
used  in  this  investigation  were  not  pure,  owing  perhaps  to 
non-volatile  substances  present  or  incomplete  removal  of 
water  of  composition  in  the  ignition.  They  do,  however,  indi¬ 
cate  satisfactory  uniformity  of  composition.  Sample  (W) 
was  kindly  furnished  by  F.  S.  Wartman,  assistant  metallurgist 
of  the  Southwest  Station  of  the  U.  S.  Bureau  of  Mines,  for 


were  free  from  iron  and  any  other  impurities  which  might 
liberate  iodine.  On  the  basis  of  these  findings,  the  authors 
now  consider  the  oxide  trustworthy  as  a  standard  and  employ 
it  as  such  in  all  thiosulfate  standardizations. 


Comparison  of  Cupric  Oxide  and  Copper  Foil  with  Other 
Iodimetric  Standards 

Numerous  papers  have  appeared  in  the  literature  bearing 
on  these  various  iodimetric  standards  by  the  following  au¬ 
thors:  Bray,2  Popoff  and  Chambers,3  Popoff  and  Whitman,4 
Schroeder,5  all  on  potassium  permanganate  and  potassium 
bromate;  Bray,2  and  Bruhns,6  Jander  and  Beste,7  and  Vos- 
burgh8  on  the  use  of  potassium  dichromate;  and  Parsons 
and  Whitmore9  on  iodine.  The  suggestions  given  by  these 
authors  have,  except  for  minor  modifications,  been  followed 
in  making  this  comparison.  The  potassium  dichromate  and 
iodate  were  recrystallized  and  dried.  The  “electrolytic” 
copper  was  the  copper  which  had  been  deposited  on  a  platinum 
cathode,  dissolved  off,  and  titrated.  The  copper  sulfate  solu¬ 
tion  was  prepared  from  the  recrystallized  salt  and  was  nitrate- 
free.  The  normality  of  the  thiosulfate  (about  0.2  N)  was 
chosen  so  that  large  samples  could  be  used  and  weighing  errors 
reduced.  The  normality  was  determined  against  the  oxide  by 
dissolving  in  dilute  sulfuric  acid,  diluting  with  water,  and  com¬ 
pleting  the  titration  with  thiosulfate  in  the  usual  way.  Table 
IV  gives  the  results  of  this  comparison. 


Table  IV — Comparison  of  Various  Iodimetric  Standards 


Normal- 


Volume 

ITY  OF 

Amount 

Purity  or 

of  Thio¬ 

Thio¬ 

No. 

Standard 

Taken 

Normality 

sulfate 

sulfate 

Gram 

Per  cent 

Cc. 

1 

Copper  foil  B 

0.2165 

100 

17.74 

0.1921 

0.2273 

(assumed) 

18.55 

0. 1930 

0.2400 

(assumed) 

19.61 

0.1925 

0.2039 

(assumed) 

16.64 

0.1935 

0.2504 

(assumed) 

20.38 

0. 1935 

Av. 

0.1929 

2 

CuO  (1) 

0 . 5000 

79.73 

32.65 

0.1922 

0.5000 

79.73 

32.66 

0. 1921 

0 . 5000 

79.73 

32.67 

0.1921 

0.5000 

79.73 

32.66 

0.1921 

Av. 

0.1921 

(W) 

0 . 2000 

79.38 

13.03 

9.1921 

0.2000 

79.38 

12.99 

0.1922 

0 . 2000 

79.38 

12.98 

0. 1923 

Av. 

0.1922 

Cc. 

3 

CuSC>4  soln. 

50.04 

0 . 005000  g./cc. 

20.49 

0. 1921 

50.04 

20.51 

0.1919 

50.04 

20.50 

0.1920 

Av. 

0.1920 

Gram 

4 

Electrolytic  copper 

0.3880 

100 

31.77 

0.1921 

0.4742 

100 

38.84 

0. 1920 

0.3522 

100 

28.86 

0.1921 

0.3968 

100 

32.56 

0.1919 

Av. 

0. 1920 

Cc. 

5 

Iodine  soln. 

49.96 

0.10002  N 

26.04 

0. 1920 

49.96 

0.10002  N 

26.06 

0. 1920 

49.96 

0 . 10002  N 

26.04 

0. 1920 

Av. 

0. 1920 

6 

KMnOf  soln. 

50.01 

0.1397  N 

36.45 

0.1917 

50.01 

0.1397  N 

36.46 

0. 1917 

49.94 

0. 1260  N 

32.84 

0.1917 

49.94 

0. 1260  N 

32.85 

0. 1916 

Av. 

0.1917 

Gram 

7 

KlOa 

0.3403 

100 

49.76 

0.1919 

0.3652 

100 

73.37 

0. 1921 

0.2476 

100 

36.16 

0. 1920 

Av. 

0  1920 

8 

K2Cr207  (solid) 

0.1793 

100 

19.03 

0.1921 

0.3133 

100 

33.30 

0. 1920 

0.2621 

100 

27.75 

0.1923 

Av. 

0. 1921 

Average  of  all  determinations  0.1921 


2  Bray,  J.  Am.  Chem.  Soc.,  46,  2206  (1924). 

3  Popoff  and  Chambers,  Ibid.,  45,  1358  (1923). 

4  Popoff  and  Whitman,  Ibid.,  47,  2259  (1925). 


purposes  of  comparison.  A  test  of  the  hygroscopic  nature  of 
the  oxide  was  made  by  placing  it  over  water  in  a  desiccator 
for  several  days;  under  these  conditions  it  adsorbed  moisture 
only  to  the  extent  of  0.04  per  cent  of  its  weight.  The  oxides 


5  Schroeder,  Z.  anal.  Chem.,  68,  233  (1926). 

e  Bruhns,  Ibid.,  70,  128  (1927). 

7  Jander  and  Beste,  Z.  anorg.  allgem.  Chem.,  133,  73  (1924). 

8  Vosburgh,  J.  Am.  Chem.  Soc.,  44,  2120  (1922). 

9  Parsons  and  Whitmore,  Ibid.,  33,  1933  (1911). 
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The  normalities  as  determined  by  means  of  copper  foil  not 
only  vary  over  a  wide  range,  but  are  in  most  cases  higher  than 
the  mean  or  true  normality,  which  is  consistent  with  the  fact 
that  the  foil  contains  less  than  100  per  cent  copper.  Calcu¬ 
lation  of  these  normalities  by  the  use  of  a  “purity  factor” 
does  not  render  the  data  perceptibly  more  concordant  with 
the  true  value.  The  oxides  yield  strikingly  concordant  values, 
which,  moreover,  are  in  agreement  with  the  mean  normality 
obtained  with  the  other  standards.  The  writers’  results  for 
the  standardization  against  permanganate,  obtained  according 
to  the  conditions  prescribed  by  Bray,2  were  uniformly  low, 
yielding  an  average  value  of  0.1917  N.  This  cannot  be  at¬ 
tributed  to  loss  of  iodine  before  or  during  titration,  for  it  is 
evident  that  loss  of  iodine  would  occasion  a  smaller  volume  of 
thiosulfate  and  a  consequent  high  value  for  the  normality. 
In  fact,  to  prevent  any  loss  of  iodine  in  these  determinations, 
cracked  ice  was  used  in  the  solutions  titrated.  The  titrations 
with  iodine  as  a  standard  hold  equally  well  for  the  solid  as 
for  the  solution.  The  authors  occasionally  prefer  to  weigh 
out  the  iodine  in  a  weighing  bottle  containing  potassium  iodide 
solution,  as  suggested  by  Olsen.10 

Titration  of  Copper  in  Presence  of  and  in  Absence  of 
Ammonia  and  Acetic  Acid 

The  question  is  occasionally  raised  as  to  the  necessity  of 
neutralizing  with  ammonia  the  sulfuric  acid  remaining  after 
fuming  a  copper  sample  to  dryness  and  then  adding  acetic 
acid  before  the  potassium  iodide  is  introduced.  One  answer, 
of  course,  is  that  nitrate  ion  is  more  vigorous  in  its  oxidizing 
action  in  strong  acid  solutions,  and  far  less  so  in  acetic  acid  solu¬ 
tion.  The  action  of  atmospheric  oxygen  under  these  condi¬ 
tions  is  perceptible  but  slow.  Thiosulfates  also  decompose 

10  Olsen,  “Quantitative  Chemical  Analysis,”  p.  325,  D.  Van  Nostrand 
Co.,  1904. 


into  sulfur  and  sulfurous  acid  in  strong  acid  solutions.  The 
effect  of  acidity  upon  the  thiosulfate-iodine  titration  has  been 
studied  by  Bray11  and  Schupp.12  Schupp  has  shown  that 
iodimetric  titrations  can  be  made  with  accuracy  in  acidities 
up  to  2  normal,  and  evidence  from  Bray’s  work  shows  that 
thiosulfate  is  oxidized  to  sulfate  in  neutral  or  alkaline  acid 
solution  but  only  to  tetrathionate  in  acid  solution.  It  is  thus 
necessary  that  titration  be  made  in  acid  solution.  In  the 
absence  of  nitrates  this  titration  could  be  made  in  relatively 
strong  acid  solution,  and  certainly  in  one  which  would  be  ob¬ 
tained  on  redissolving  the  copper  samples  in  water  after  fum¬ 
ing  to  dryness.  To  determine  the  magnitude  of  such  acidity, 
the  actual  amount  of  acid  remaining  after  fuming  was  de¬ 
termined  on  several  samples  to  which  3  cc.  of  6  N  sulfuric 
acid  had  been  added.  On  diluting  the  respective  residues  to 
50  cc.  (iodimetric  titration  volume)  the  acidities  were  found 
to  be  0.35  N,  0.10  N,  and  0.25  N,  which  are  well  within  the 
limit  of  2  normal.  A  series  of  titrations  made  under  the  two 
sets  of  conditions  is  given  in  Table  V. 

Table  V — Titration  of  Copper  with  Thiosulfate  at  Different  Acid 

Concentrations 


Thiosulfate 


CuO  Taken  Acidity  Required 

Gram  Cc. 

0.5000  NHiOH  +  HAc  (excess  HAc,  1  N)  32.60 

32.61 

32.60 

0.5000  H2SC)4(0.1A0  32.60 

HiSOqO.lW)  32.59 

H2SO4  (0.2  N)  32.62 


These  data  justify  the  omission  of  ammonia  and  acetic  acid 
from  the  classic  copper  titration  method.  The  elimination  of 
these  two  reagents  not  only  obviates  the  troublesome  effect 
of  ammonium  acetate  upon  the  iodine-starch  end  point,  but 
also  effects  a  saving  of  considerable  time,  labor,  and  expense. 

11  Bray,  Z.  physik.  Chem.,  54,  471  (1906). 

12  Schupp,  Science,  65,  284  (1927). 


Analysis  of  Chrome  Ores1 
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Union  Carbide  &  Carbon  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y.,  and  Electro  Metallurgical  Company,  Niagara  Falls,  N.  Y. 


THE  exact  analysis  of 
chrome  ore  is  a  matter 
of  some  difficulty,  in¬ 
volving  the  separation  and 
determination  of  large 
amounts  of  chromium,  iron, 
aluminum,  and  magnesium. 

Although  chromite  is  one  of 
the  most  stable  of  the  common  minerals,  complete  decomposi¬ 
tion  may  be  obtained  by  heating  the  ore  with  perchloric  and 
sulfuric  acids  or  by  fusion  with  sodium  peroxide  or  a  mixture 
of  sodium  carbonate  and  borax.  The  methods  here  described 
for  the  determination  of  chromium,  iron,  silica,  alumina,  lime, 
and  magnesia  offer  the  advantages  of  exceptional  accuracy 
and  simplicity  of  manipulation. 

Determination  of  Chromium 

Chromium  can  be  determined  more  quickly  and  more  ac¬ 
curately  on  a  separate  portion  of  the  sample  than  on  the  same 
portion  used  for  determining  the  other  constituents.  One 
(1.0000)  gram  of  the  100-mesh  ore,  which  has  been  dried  for 
2  hours  at  105-110°  C.,  is  weighed,  preferably  from  a  weighing 
bottle,  transferred  to  a  30-cc.  Armco  iron  crucible,  and  fused 
over  a  gas  flame  with  about  8  grams  of  dry  sodium  peroxide. 

1  Received  September  4,  1928. 


The  fusion  should  be  made  by 
revolving  the  crucible  around 
the  outer  edge  of  the  flame  of 
a  laboratory  burner  until  the 
contents  have  melted  down 
quietly;  the  temperature  is 
then  increased  to  a  medium 
red  heat  for  3  to  5  minutes 
and  a  rotary  motion  is  given  to  the  fused  material  to  pre¬ 
vent  spraying.  Suitable  iron  crucibles,  containing  only  a  trace 
of  chromium,  can  be  obtained  from  the  Consolidated  Manu¬ 
facturing  Company,  Dayton,  Ohio.  Ordinary  iron  crucibles, 
which  may  contain  significant  amounts  of  chromium,  should 
be  avoided. 

When  the  crucible  has  partly  cooled,  and  while  tightly 
covered,  it  is  tapped  on  an  iron  plate  to  loosen  the  fusion  in 
a  solid  cake.  This  is  transferred  to  a  600-cc.  covered  beaker 
and  treated  with  200  cc.  of  warm  water.  The  crucible  is  also 
rinsed  with  water.  The  solution  is  treated  with  60  cc.  of 
sulfuric  acid  (1:1)  and  5  cc.  of  nitric  acid  (sp.  gr.  1.42)  and  is 
then  boiled  for  several  minutes  until  all  iron  scale  from  the 
crucible  has  dissolved.  From  20  to  25  cc.  of  a  0.5  per  cent 
solution  of  silver  nitrate,  1  or  2  drops  of  strong  potassium 
permanganate  (25  grams  per  liter)  and  3  to  5  grams  of  ammo¬ 
nium  persulfate  (to  oxidize  the  chromium  completely)  are 


Methods  for  the  determination  of  chromium,  iron, 
silica,  alumina,  lime,  and  magnesia  are  described. 
Perchloric  and  sulfuric  acids  are  used  to  decompose  the 
sample.  Alumina  is  separated  from  iron  by  means  of 
cupferron  and  is  determined  by  precipitation  with  am¬ 
monia  after  oxidation  of  chromium  to  the  hexavalent 
state  by  potassium  chlorate. 
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added  and  the  liquid  is  then  boiled  for  5  minutes.  Twenty 
cubic  centimeters  of  a  10  per  cent  solution  of  sodium  chloride 
are  introduced  and  the  solution  is  boiled  for  5  to  10  minutes 
after  the  permanganate  or  any  manganese  dioxide  has  com¬ 
pletely  disappeared,  to  make  sure  that  all  chlorine  has  been 
expelled.  The  solution  is  cooled  to  room  temperature,  treated 
with  3  cc.  of  phosphoric  acid  (sirup,  sp.  gr.  1.725),  and  an  ex¬ 
cess  of  5  cc.  of  0.1  N  ferrous  ammonium  sulfate  solution  is 
added  from  a  100-cc.  buret.  This  will  cause  the  reduction  of 
the  chromium  to  the  trivalent  state,  as  shown  by  the  following 
equation: 

2H2Cr04  +  6FeS04  +  6H2S04  =  Cr2(S04)3  +  3Fe2(S04)3  +  8H20 
The  buret  reading  is  noted  and  0.1  N  potassium  permanganate 
solution  is  run  in  with  vigorous  stirring  to  the  first  faint  per¬ 
manent  darkening  of  the  clear  green  color. 

The  excess  of  ferrous  ammonium  sulfate  naturally  is  oxi¬ 
dized  to  ferric  sulfate;  wherefore,  subtraction  of  the  volume 
of  0.1  N  potassium  permanganate  used  from  the  volume  of 
0.1  N  ferrous  ammonium  sulfate  taken  gives  the  volume  of 
0.1  N  ferrous  ammonium  sulfate  required  to  reduce  the 
chromic  acid.  The  ferrous  ammonium  sulfate  solution  is 
prepared  by  dissolving  39.2  grams  of  the  salt  in  1  liter  of  water 
(1  cc.  =  0.001733  gram  chromium)  and  it  is  standardized 
against  0.1  A”  potassium  permanganate;  this  standardization 
must  be  made  every  day  the  solution  is  used,  as  this  gradually 
grows  weaker  as  a  result  of  oxidation.  The  0.1  A  potassium 
permanganate  is  standardized  against  sodium  oxalate  ob¬ 
tained  from  the  Bureau  of  Standards.2 

Determination  of  Iron  and  Alumina 

One-half  (0.5000)  gram  of  the  sample,  which  has  been 
ground  to  an  impalpable  powder  in  an  agate  mortar  and  dried 
for  2  hours  at  105-110°  C.,  is  weighed  preferably  from  a  weigh¬ 
ing  bottle,  and  treated  in  a  300-cc.  covered  casserole  with  50 
cc.  of  sulfuric  acid  (1:4)  and  5  cc.  of  perchloric  acid  (sp.  gr. 
1.54).  The  liquid  is  heated  gently  until  fumes  of  sulfur 
trioxide  are  freely  evolved.  This  treatment  should  result  in 
a  complete  decomposition  of  the  ore  except  some  chrome  ores 
which  contain  quartz. 

An  alternate  method  of  decomposition  is  to  fuse  a  0.5000- 
gram  sample  of  the  dry  agate-ground  ore  with  a  mixture  of 
5  grams  of  sodium  carbonate  and  2  grams  of  powdered  fused 
borax  (NajBXb)  in  a  covered  50-cc.  platinum  crucible.  The 
fusion  must  be  maintained  at  a  temperature  of  approximately 
1100°  C.  for  20  minutes,  while  a  rotary  motion  is  given  to  the 
crucible  from  time  to  time  to  stir  up  any  unattacked  particles 
of  ore  on  the  sides  or  bottom.  When  cool,  the  melt  is  dis¬ 
solved  in  50  cc.  of  hydrochloric  acid  (1:4)  contained  in  a  300- 
cc.  covered  casserole.  Forty  cubic  centimeters  of  sulfuric 
acid  (1:1)  are  added  and  the  solution  is  concentrated  to  a  vol¬ 
ume  of  40  to  45  cc.;  25  cc.  of  methanol  and  10  cc.  of  hydro¬ 
chloric  acid  (sp.  gr.  1.19)  are  added,  and  the  evaporation  is 
continued  slowly  until  fumes  of  sulfur  trioxide  are  given  off. 
The  methanol  causes  the  volatilization  of  boron  which,  unless 
removed,  might  cause  erratic  results. 

After  partial  cooling,  about  150  cc.  of  water  and  several 
cubic  centimeters  of  sulfurous  acid  are  added  to  reduce  chro¬ 
mium  to  the  trivalent  state,  and  the  solution  is  boiled  for  several 
minutes  until  all  salts  have  dissolved.  The  gelatinous  silica 
is  then  filtered  on  a  9-cm.  paper  and  washed  thoroughly  with 
hot  water.  The  silica  is  ignited  in  platinum,  first  at  a  dull 
red  heat  until  the  carbon  has  burned  and  finally  at  1100°  C. 
for  10  minutes.  The  crucible  and  silica  are  cooled  in  a  desic¬ 
cator,  weighed,  and  treated  with  1  drop  of  sulfuric  acid  and  1 
to  2  cc.  of  hydrofluoric  acid  (48  per  cent),  and  the  solution  is 
evaporated  to  dryness.  The  crucible  is  again  ignited  for  a 
few  minutes  at  1100°  C.,  cooled,  and  weighed.  The  loss  in 

2  McBride,  J.  Am.  Chem.  Soc.,  34,  393  (1912). 


weight  multiplied  by  200  gives  the  percentage  of  SiCh  in  the 
sample.  The  small  residue  which  usually  remains  is  fused 
with  about  0.5  gram  of  potassium  pyrosulfate,  then  dissolved 
in  a  few  cubic  centimeters  of  dilute  hydrochloric  acid  and 
added  to  the  filtrate  from  the  silica. 

The  solution  is  treated  with  1  cc.  of  nitric  acid  (sp.  gr.  1.42) 
and  boiled  several  minutes  to  oxidize  the  iron  to  the  ferric 
state.  Five  grams  of  ammonium  chloride  and  a  considerable 
quantity  of  ashless  paper  pulp  are  introduced,  and  the  solu¬ 
tion  is  rendered  very  faintly  ammoniacal  by  the  addition  of 
dilute,  filtered  ammonium  hydroxide  (1:4).  The  solution  is 
heated  to  boiling  for  1  or  2  minutes  (no  longer),  the  precipitate 
is  allowed  to  settle,  and  is  then  filtered  and  washed  ten  or 
twelve  times  with  a  hot  2  per  cent  solution  of  ammonium 
chloride.  The  precipitate  is  rinsed  from  the  filter  back  into 
the  beaker  with  a  jet  of  warm  water,  dissolved  in  75  cc.  of 
hydrochloric  acid  (1:4),  and  the  solution  diluted  to  200  cc. 
A  second  ammonia  separation  is  made  in  a  similar  manner,  the 
precipitates  being  filtered  on  the  same  paper.  The  two  fil¬ 
trates  are  combined  and  reserved  for  the  determination  of  lime 
and  magnesia. 

The  hydroxide  precipitate  is  dissolved  in  60  cc.  of  hot  sul¬ 
furic  acid  (1:4)  and  the  solution  made  up  to  a  volume  of  150 
cc.  Some  ashless  paper  pulp  is  added,  the  liquid  is  cooled  to 
about  20°  C.,  and  the  iron  and  titanium  are  precipitated  by 
the  addition  (dropwise  and  with  constant  stirring)  of  a  freshly 
prepared,  cold,  6  per  cent  solution  of  cupferron  [ammonium 
nitrosophenylhydroxylamine,  C6H5(NO)ONH4]  in  slight  ex¬ 
cess.  An  excess  is  known  to  be  present  when  a  drop  of  the 
precipitant  forms  a  white  precipitate  which  goes  quickly  into 
solution. 

The  precipitate  is  filtered  on  an  11-cm.  paper  with  the  aid  of 
gentle  suction,  washed  thoroughly  with  cold  10  per  cent  sul¬ 
furic  acid,  and  ignited  at  a  low  temperature  in  a  porcelain 
or  silica  crucible.  The  resulting  oxides  are  treated  in  a  1 50-cc. 
beaker  with  10  cc.  of  hydrochloric  acid  (sp.  gr.  1.19)  and 
heated  until  the  iron  oxide  has  all  dissolved.  Iron  is  deter¬ 
mined  in  this  solution  by  the  Zimmerman-Reinhardt  method. 
If  the  determination  of  titanium  is  desired,  the  ignited  oxides 
are  fused  with  potassium  pyrosulfate,  the  melt  dissolved  in 
sulfuric  acid  (1:4),  and  the  titanium  determined  colorimetri- 
cally.  The  iron  is  then  determined  in  this  solution  by  one  of 
the  approved  methods. 

The  filtrate  from  the  cupferron  precipitate,  which  contains 
all  of  the  aluminum  and  chromium,  is  concentrated  to  a 
volume  of  40  to  50  cc.;  100  cc.  of  nitric  acid  (sp.  gr.  1.42)  are 
added,  and  the  evaporation  is  continued  slowly  until  the 
volume  has  again  been  reduced  to  60-75  cc.  Potassium 
chlorate  is  next  added,  a  few  crystals  at  a  time,  to  the  slowly 
boiling  solution  until  its  color  changes  from  green  to  clear 
reddish  yellow,  indicating  that  the  excess  cupferron  has  been 
completely  oxidized  and  the  chromium  converted  to  the 
hexavalent  state.  The  solution  is  then  diluted  with  300  cc. 
of  cold  water,  approximately  5  grams  of  ammonium  chloride 
and  some  ashless  paper  pulp  are  introduced,  and  the  aluminum 
is  precipitated  by  the  addition  of  ammonium  hydroxide  (1:4) 
in  very  faint  excess.  The  liquid  is  boiled  for  1  or  2  minutes 
(no  longer)  and  the  precipitate,  after  having  been  allowed  to 
settle,  is  filtered  and  washed  ten  or  twelve  times  with  hot  2 
per  cent  ammonium  chloride  solution.  The  aluminum  hy¬ 
droxide  is  dissolved  in  50  cc.  of  hot  hydrochloric  acid  (1:1) 
and  the  precipitation  with  ammonia  and  filtration  repeated  as 
previously  described.  The  precipitate  and  filter  paper  are 
placed  in  a  weighed,  covered  platinum  crucible  and  ignited 
first  at  a  low  heat  and  finally  to  constant  weight  at  1100°  C. 
The  increase  in  weight  represents  the  amount  of  AI2O3  present 
in  the  ore  plus  a  very  small  amount  of  Cr203  and  all  of  the 
P2O5  in  the  ore. 
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The  phosphorus  content  of  the  chrome  ores  usually  encoun¬ 
tered  is  so  low  that  the  error  introduced  by  its  inclusion  with 
the  alumina  is  negligible,  except  when  the  highest  accuracy  is 
desired.  To  make  correction  for  chromium,  the  oxides  are 
fused  with  6  to  8  grams  of  sodium  carbonate,  the  fusion  is 
dissolved  in  water  and  filtered,  and  chromium  is  determined 
colorimetrically  by  comparison  with  a  standard  solution  of 
potassium  chromate  prepared  by  dissolving  1.867  grams  of 
anhydrous  potassium  chromate  in  1  liter  of  water  (1  cc.  = 
0.0005  gram  Cr).  The  chromium  found,  calculated  to  Cr>03, 
is  deducted  from  the  weight  of  the  impure  alumina,  and  the 
remainder  is  calculated  to  percentage  of  AI2O3  in  the  ore.  If 
desired,  phosphorus  may  be  determined  in  the  solution  after 
the  estimation  of  chromium,  calculated  to  P2O5,  and  deducted 
from  the  alumina. 

Determination  of  Lime  and  Magnesia 

The  combined  ammoniacal  filtrates  from  the  iron  and  alumi¬ 
num  hydroxide  precipitates  are  made  slightly  acid  with  hydro¬ 
chloric  acid,  evaporated  to  a  volume  of  approximately  150  cc., 
and  cooled  to  15°  C.  Twenty  cubic  centimeters  of  a  10  per 
cent  solution  of  diammonium  phosphate  are  added  and  am¬ 
monium  hydroxide  (sp.  gr.  0.90)  is  then  slowly  introduced, 
drop  by  drop,  with  vigorous  stirring  until  the  solution  is 
ammoniacal  and  a  crystalline  precipitate  appears.  Fifteen 
cubic  centimeters  of  ammonia  (sp.  gr.  0.90)  are  added,  the 
liquid  is  stirred  thoroughly  and  finally  chilled  by  surrounding 
the  beaker  with  crushed  ice.  After  standing  for  several 
hours  with  frequent  stirring,  or  preferably  overnight  if  al¬ 
lowed  to  stand  at  room  temperature,  the  solution  is  filtered  on 
a  9-cm.  blue  ribbon  paper,  and  the  precipitate  is  washed  three 
or  four  times  by  decantation  with  cold  2.5  per  cent  ammonia 
water.  Twenty-five  cubic  centimeters  of  hydrochloric  acid 
(1:1)  are  poured  through  the  filter,  the  filtrate  being  collected 
in  the  original  beaker  containing  the  bulk  of  the  precipitate, 
and  the  filter  is  washed  thoroughly  with  5  per  cent  hydro¬ 
chloric  acid.  The  solution  is  diluted  with  cold  water  to  a 
volume  of  150  cc.,  3  cc.  of  a  10  per  cent  solution  of  diam¬ 
monium  phosphate  are  added,  and  the  precipitation  is  re¬ 
peated  as  previously  described.  The  precipitate  is  allowed 
to  stand  for  2  hours  surrounded  by  crushed  ice,  filtered,  washed 


ten  or  twelve  times  with  cold  2.5  per  cent  ammonia  water, 
and  ignited  in  a  weighed  platinum  crucible,  first  at  a  dull  red 
heat  until  the  carbon  has  been  burned,  and  finally  to  constant 
weight  at  1000-1050°  C. 

The  pyrophosphate  precipitate  thus  obtained — which  will 
contain  all  the  lime,  magnesia,  any  manganese  present,  and 
small  amounts  of  silica — is  dissolved  in  20  cc.  of  hot  dilute 
(1:4)  hydrochloric  acid,  the  solution  is  filtered  on  a  7-cm. 
paper  to  remove  silica,  and  the  filter  is  washed  well  with  hot 
water.  The  paper  and  silica  are  ignited  and  the  silica  de¬ 
termination  is  completed  in  the  usual  manner.  The  weight 
of  silica  found  is  deducted  from  the  weight  of  the  magnesium 
pyrophosphate  obtained  as  previously  described. 

Ten  cubic  centimeters  of  sulfuric  acid  (1:1)  are  added  to  the 
filtrate  from  the  silica  and  the  solution  is  evaporated  to  fumes 
of  sulfur  trioxide.  Five  cubic  centimeters  of  water  and  enough 
absolute  alcohol  to  constitute  90  to  95  per  cent  of  the  total 
volume  are  added,  and  the  solution  is  stirred  vigorously  for 
several  minutes.  After  the  calcium  sulfate  precipitate  has 
settled  for  2  or  3  hours,  preferably  overnight,  it  is  filtered  on 
a  9-cm.  blue  ribbon  paper  and  the  paper  and  precipitate  are 
washed  free  from  phosphoric  acid  with  80  per  cent  alcohol. 
The  calcium  sulfate  is  dissolved  in  25  cc.  of  hot  10  per  cent 
hydrochloric  acid  and  the  solution  is  heated  to  boiling.  One- 
tenth  gram  of  oxalic  acid  is  added  and  the  lime  is  precipitated 
by  the  slow  addition,  with  vigorous  stirring,  of  dilute  ammonia 
(1:3)  in  slight  excess,  the  determination  being  completed  in 
the  usual  manner.  The  weight  of  calcium  oxide  found  is 
calculated  to  tricalcium  phosphate  (Ca3(P04)2)  by  multipli¬ 
cation  by  1.8447,  and  this  amount  is  deducted  from  the  weight 
of  the  magnesium  pyrophosphate  obtained  as  previously 
described. 

The  alcoholic  filtrate  from  the  calcium  sulfate  is  evaporated 
until  strong  fumes  of  sulfur  trioxide  are  evolved  and  all  or¬ 
ganic  matter  is  destroyed.  After  the  solution  has  cooled,  the 
residue  is  dissolved  in  23  cc.  of  nitric  acid  (sp.  gr.  1.135)  and 
finished  for  manganese  by  the  bismuthate  method.  Any 
manganese  found  is  calculated  to  manganese  pyrophosphate 
('MnTbO?,)  (factor,  2.5847),  and  this  is  deducted  from  the 
weight  of  magnesium  pyrophosphate.  The  weight  of  Mg2P2- 
O7  is  multiplied  by  0.3621  and  by  200  to  obtain  the  percentage 
of  MgO  in  the  sample. 


Rapid  Dehydration  of  Alcohol  Using  Barium  Oxide 

and  Metallic  Calcium1 

G.  Frederick  Smith 

University  of  Illinois,  Urbana,  III. 


THE  many  applications  of  absolute  ethyl  alcohol  in 
experimental  research  and  in  the  operations  of  quanti¬ 
tative  analysis,  particularly  with  the  alkali  and  alka¬ 
line-earth  metals,  make  a  convenient  and  rapid  method  for 
the  dehydration  of  92  to  93  per  cent  ethyl  alcohol  desirable. 
No  claims  to  originality  are  made  for  this  paper.  Rather  the 
attempt  is  made  to  indicate  the  serviceability  of  barium  oxide 
as  a  rapid  and  practical  alcohol  drier.  This  fact  has  not  been 
indicated  in  previous  investigations  as  far  as  could  be  learned. 
Metallic  calcium  is  further  advocated  for  the  rapid  removal  of 
the  last  half  per  cent  of  water. 

The  bibliography  of  the  literature  on  alcohol  and  alco- 
holometry  has  been  most  completely  compiled  down  to  a 
recent  date  by  McKelvy.2  An  extensive  investigation  by 

1  Received  October  1,  1928. 

2  McKelvy,  U.  S.  Bur.  Standards,  Bull.  9,  436  (1913). 


Osborne,  McKelvy,  and  Bearce3  on  the  preparation  of  pure 
anhydrous  ethyl  alcohol,  the  determination  of  the  thermal 
expansion  of  mixtures  of  ethyl  alcohol  and  water,  together 
with  density  data  for  the  same  aqueous  alcohols,  accompanies 
McKelvy’s  bibliography. 

General  Considerations 

The  heat  of  reaction  for  the  hydration  of  barium  oxide  is 
greater  than  that  for  calcium  oxide.  This  fact  suggests  its 
use  in  the  dehydration  of  alcohol  with  resultant  increase  in 
the  heat  and  rate  of  reaction.  Formerly  the  cost  of  barium 
oxide  as  compared  with  lime  in  addition  to  its  threefold 
molecular  weight  per  unit  of  hydration  served  as  a  deterrent 

3  Osborne,  McKelvy,  and  Bearce,  U.  S.  Bur.  Standards,  Bull.  9,  327 
(1913). 
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to  its  use.4  Certain  known  reactions  of  barium  oxide  and 
alcohol,  to  be  subsequently  tabulated,  indicate  undesirable 
characteristics. 

Absolute  alcohol  can  be  prepared  from  hydrated  alcohol  at 
ordinary  temperatures  if  a  sufficiently  large  excess  of  lime  and 
extended  time  intervals  are  employed.  Two  such  experi¬ 
ments  are  given  by  Crismer5  and  the  results  are  presented 
graphically  in  Figure  1 .  Curve  I  shows  the  gradual  dehydra¬ 
tion  of  aqueous  ethyl  alcohol  using  four  times  the  theoretical 
amount  of  lime  while  curve  II  gives  similar  data  for  nine  times 
the  theoretical  amount.  Even  in  the  second  case  21  days  were 
required  to  obtain  absolute  alcohol  starting  at  98.75  per  cent. 
Curve  III  represents  experiments  using  the  theoretical  amount 
of  barium  oxide  with  other  conditions  comparable.  Starting 
with  93  per  cent  ethyl  alco¬ 
hol,  99.61  per  cent  alcohol 
was  produced  in  3  days. 

The  yield  of  dried  alcohol  is 
much  greater  than  for  the 
dehydrations  using  excess  of 
lime. 

The  heat  of  reaction  be¬ 
tween  aqueous  alcohol  and 
barium  oxide  can  be  demon¬ 
strated  in  the  following 
manner:  If  200  to  300  cc. 
of  92  to  93  per  cent  ethyl 
alcohol  are  poured  over 
twice  the  theoretical  quan¬ 
tity  of  barium  oxide,  using 
as  container  an  unsilvered 
Dewar  flask  provided  with  a 
reflux  condenser,  and  the 
contents  are  thoroughly 
mixed  and  allowed  to  stand, 

the  heat  of  reaction  will  cause  the  alcohol  to  boil  and  this  boil¬ 
ing  will  continue  for  approximately  1  hour. 

The  dehydration  of  92  to  93  per  cent  alcohol  is  always  car¬ 
ried  out  in  two  stages.  Lime  is  generally  employed  for  the 
first  stage  and  the  conditions  are  adjusted  to  produce  an  al¬ 
cohol  of  approximately  99.5  per  cent  strength.6  The  “ab¬ 
solute”  alcohol  thus  obtained  is  further  dehydrated  to  100 
per  cent  with  a  special  dehydrating  agent,7  metallic  calcium 
probably  being  the  most  convenient  and  rapid.8  By  the  use 
of  barium  oxide  in  the  place  of  lime  it  has  been  possible  to 
shorten  the  time  interval  from  12  hours  to  2  hours. 

Experimental 

Preliminary  Dehydration — -One  thousand  cubic  centi¬ 
meters  of  93  per  cent  (by  weight)  ethyl  alcohol  in  a  2000-cc. 
flask  were  treated  with  500  grams  (theoretical  assuming 
formation  of  barium  hydroxide)  of  barium  oxide  and  allowed 
to  react  on  the  steam  cone  for  specified  periods  using  a  reflux 
condenser.  The  heat  of  reaction  together  with  a  moderate 
flow  of  steam  quickly  brought  the  reaction  mixture  to  boiling, 
at  which  point  the  steam  was  regulated  to  maintain  a  vigorous 
refluxing  action.  After  various  periods  of  reaction  the  reflux 
condenser  was  replaced  by  a  60-cm.  condenser  and  the  reac¬ 
tion  mixture  rapidly  distilled  using  a  small  Hopkins  distilling 
trap  between  the  flask  and  the  condenser.  After  1  to  l'A 
hours’  distillation  the  density  of  the  distillate  was  determined. 

Density  Determination — -A  25-cc.  Ostwald  pycnometer, 

4  Technical  grades  of  lump  barium  oxide  can  now  be  purchased  in  small 
or  large  amounts  at  10  cents  per  pound  or  less.  A  sample  for  this  investi¬ 
gation  was  kindly  supplied  by  the  J.  H.  R.  Products  Company,  of  Wil¬ 
loughby,  Ohio.  Acknowledgment  of  this  courtesy  is  hereby  made. 

5  Crismer,  Bull.  soc.  chim.  Belg.,  18,  18  (1904). 

•  Noyes,  J.  Am.  Chem.  Soc.,  45,  857  (1923). 

7  See  reference  2  for  a  list  of  suitable  dehydrating  agents. 

»  Winkler.  Ber.,  38,  3612  (1905). 


The  increasing  use  of  practically  dry  alcohol  in 
analytical  chemistry  as  well  as  for  a  multitude  of  other 
purposes  makes  the  improvement  of  the  conditions 
under  which  it  may  be  produced  attractive.  This 
paper  demonstrates  that,  from  the  point  of  view  of 
speed,  economy,  and  simplification  of  manipulation, 
barium  oxide,  which  is  now  obtainable  cheaply  in  any 
quantity,  is  attractive.  Previous  objections  to  its 
use  for  this  purpose  have  been  shown  to  be  over¬ 
emphasized  and  not  practicable  deterrents  to  its  use. 
The  chief  objection,  that  of  poor  yield,  has  been  shown 
to  be  invalid.  A  discussion  of  the  various  chemical 
reactions  encountered  and  a  further  advocation  of 
metallic  calcium  as  a  finishing  reagent  for  complete 
dehydration  has  been  made  and  data  concerning  its 
rate  of  reaction  with  alcohol  are  given. 


previously  calibrated,  and  thermostat  accurate  to  0.01  degree 
at  25°  C.  were  employed.  After  temperature  equilibrium  was 
reached  the  pycnometer  and  contents  were  withdrawn  from 
the  thermostat,  chilled  momentarily,  rapidly  dried,  and  placed 
in  a  tared  weighing  bottle  with  a  thoroughly  ground  glass 
stopper  and  weighed.  From  the  data  thus  obtained  the 
density  of  the  alcohol  corrected  to  25°/4°  C.  was  calculated. 
The  percentage  of  water  present  was  found  from  the  tables 
given  by  McKelvy.2  The  apparatus  employed,  the  calibra¬ 
tion  of  weights,  pycnometer,  and  thermometers,  vacuum  cor¬ 
rections,  etc.,  indicated  an  accuracy  of  ±0.01  per  cent  in  the 
water  content  determined. 

Treatment  with  Metallic  Calcium — Since  the  turnings 
were  not  sufficiently  finely  divided  to  present  a  large  surface 

compared  with  the  total 
weight  of  metal,  a  propor¬ 
tionally  large  excess  of  cal¬ 
cium  was  suspended  in  the 
boiling  alcohol  using  a  wire 
gauze  basket.  The  basket 
of  turnings  was  suspended 
by  a  fine  wire  through  the 
reflux  condenser  and  when 
the  reaction  was  thought 
complete  the  excess  metallic 
calcium  was  withdrawn. 
The  metal  turnings  and 
basket  were  then  placed  in 
a  well-stoppered  bottle  and 
used  for  later  reactions.  The 
alcohol  thus  prepared  was 
distilled  and  its  water  con¬ 
tent  determined  in  the  same 
way  as  for  the  distillate  of  the 
preliminary  dehydration. 

Discussion  of  Results 

The  results  of  several  runs  which  illustrate  points  in  ques¬ 
tion  sufficiently  are  given  in  Table  I. 


Table  I- 


-Dehydration  of  93  Per  Cent  Ethyl  Alcohol  Using  Barium 
Oxide  and  Metallic  Calcium 


Run 

Alcohol 

BaO 

Temp. 

Time 

Yield 

Alcohol 
by  Wt. 

Cc. 

Crams 

°  C. 

Hours 

Cc. 

% 

1 

1000 

500 

25 

72 

750 

99.61 

2 

1000 

400 

b.  p. 

2 

850 

99.40 

3 

1000 

400 

b.  p. 

1‘A 

855 

99.04 

4 

1000 

500 

b.  p. 

2 

807 

99.39 

5 

1000 

500 

b.  p. 

3 

760 

99.42 

6 

500  (99.56%) 

50  (Ca) 

b.  p. 

15  min. 

100.00 

7 

400  (99.34%) 

10  (Ca) 

b.  p. 

60  min. 

99.52 

8 

500 

500 

25 

9 

99.21 

1000 

500 

25 

20 

99.36 

The  data  of  Table  I  may  be  most  profitably  discussed  in 
connection  with  the  following  reactions: 

BaO  +  H20  =  Ba(OH)2  (la) 

Ba(OH)2  +  8H20  =  Ba(0H)2-8H20  (16) 

2C2H6OH  +  BaO  =  (C2H50)2Ba  +  H,0  (2) 

Ca  +  2H20  =  Ca(OH)2  +  H2  (3) 

Ca  +  2C2H5OH  =  (C2H60)2Ca  +  H2  (4) 

(C2H50)2Ca  +  HzO  =  C2H5OH  +  Ca(OH)2  (5) 

The  theoretical  amount  of  barium  oxide  required  for  the 
amount  of  alcohol  dehydrated  in  Table  I  according  to  reaction 
la  is  500  grams.  Reaction  16,  if  obtained  during  the  early 
stages  of  the  dehydration,  provides  for  the  use  of  less  barium 
oxide.  The  reversal  of  reaction  16  is  not  appreciable  at  steam- 
bath  temperatures.  Runs  2  and  4  of  Table  I  bring  out  these 
points. 

Reaction  2  takes  place  when  barium  oxide  is  added  to  ab¬ 
solute  alcohol,  resulting  in  the  dilution  of  the  alcohol  with 
water,  0.4  to  0.6  per  cent  depending  on  the  temperature.  The 
dehydration  of  alcohol  at  room  temperature  (run  1,  Table  I) 
shows  that  barium  alcoholate  is  not  formed  when  alcohol  of 
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less  than  99.G  per  cent  strength  is  treated  with  barium  oxide. 
At  the  boiling  point  reaction  2  proceeds  at  an  alcohol  strength 
of  99.4  per  cent.  Treatment  longer  than  2  hours  gives  no 
appreciable  concentration  of  the  alcohol  (runs  2  and  5). 
One  and  one-half  hours’  refluxing  with  barium  oxide  is  too 
short  a  period  for  maximum  dehydration.  Three  hours’ 
treatment  is  not  better  than  2  hours’  refluxing  (runs  3  and  5). 

Reactions  3  and  4  were  studied  by  Winkler.8  Reaction  3 
is  very  slow  with  compact  metal.  If  the  metal  is  finely  di¬ 
vided  and  the  alcohol  heated,  a  rapid  reaction  takes  place. 

The  reaction  is  the  less 
rapid  the  more  nearly 
absolute  the  alcohol. 
Reaction  3  is  rapid, 
however,  on  93  to  95  per 
cent  alcohol.  The  cal¬ 
cium  hydroxide  formed 
is  insoluble,  causing 
alcohol  to  turn  milky, 
but  the  calcium  hy¬ 
droxide  does  not  coagu¬ 
late. 

Reaction  4  attains 
appreciable  proportions 
only  with  alcohol  above 
99.5  per  cent. 

Reaction  5  follows 
rapidly  after  as  well  as 
simultaneously  with 
reaction  4.  The  pre¬ 
cipitate  in  suspension  is  coagulated,  gelatinous,  and  grayish 
white.  Hydrogen  is  rapidly  evolved  and  may  be  tested  for 
at  the  opening  of  the  reflux  condenser  in  the  usual  manner. 
Too  great  an  excess  of  calcium  after  reaction  4  has  progressed 
materially'should  be  avoided. 

Runs  6  and  7,  Table  I,  show  the  rates  of  reactions  4  and  5, 
starting  with  99.56  and  99.34  per  cent  alcohol,  respectively. 

The  yield  of  alcohol  given  in  Table  I  is  for  1  to  IV2  hours’ 
distillation.  More  alcohol  could  be  obtained  if  more  time 
were  given.  Counting  the  water  absorbed,  the  yield  of  pure 
alcohol  for  run  2  is  90  per  cent.  With  a  few  additional  hours’ 
heating  on  the  steam  cone  several  per  cent  additional  alcohol 
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Figure  1 — Dehydration  of  Ethyl  Alcohol 
.^with  Lime  atjRoom  Temperature 


could  be  recovered.  The  yield  of  alcohol  using  barium  oxide 
is  as  good  and  generally  better  than  that  obtained  using  lime. 
The  yield  of  alcohol  in  run  9  is  92.5  per  cent,  if  a  last  fraction 
of  slightly  less  strength  after  12  hours  on  the  steam  cone  is 
included. 


General  Directions 

Condensed  working  directions  for  the  preparation  of  dry 
alcohol  are : 

(a)  Reflux  1000  cc.  of  93  per  cent  alcohol  on  a  steam  cone  in 
a  2000-cc.  flask  together  with  400  grams  of  barium  oxide  for  2 
hours.  Replace  the  reflux  condenser  by  a  30-cm.  (12-inch) 
straight  condenser  and  distil  the  alcohol  iy2  hours.  Yield, 
855  cc.  of  99.40  per  cent  alcohol.  More  alcohol  of  slightly  less 
strength  is  obtained  by  distilling  for  longer  periods. 

(Jo)  Allow  1000  cc.  of  93  per  cent  alcohol  and  500  grams  of 
barium  oxide  to  react  cold  for  72  hours  with  occasional  shaking 
and  distil  as  in  (a).  Yield,  750  cc.  of  99.61  per  cent  alcohol. 

(c)  The  directions  in  (b)  may  be  duplicated  with  20  hours 
reaction.  Yield,  800  cc.  of  99.36  per  cent  alcohol. 

For  absolute  alcohol  reflux  any  of  the  products  obtained  in 
(a),  ( b ),  or  (c)  on  the  steam  cone  with  50  grams  of  metallic 
calcium  (turnings  or  wire)  suspended  in  1  liter  of  the  alcohol 
by  a  wire  gauze  basket  hung  through  the  reflux  condenser. 
When  the  reaction  of  dehydration  is  complete,  as  indicated  by 
the  formation  of  a  gelatinous  gray  precipitate  of  calcium  ethylate, 
the  rapid  evolution  of  hydrogen,  and  a  noticeably  exothermal 
reaction,  remove  the  excess  of  metallic  calcium  and  distil  the 
product.  One  hour  is  always  sufficient  for  the  reaction  and 
much  less  time  is  generally  sufficient.  The  product  thus  ob¬ 
tained  will  be  found  to  be  absolute. 

Advantages  of  Barium  Oxide  as  Dehydrating  Agent 

1 —  -The  preparation  of  99.4  per  cent  alcohol  is  accomplished 
with  barium  oxide  using  the  theoretical  quantity  of  reagent 
by  refluxing  less  than  one-fifth  the  time  required  for  the  prepa¬ 
ration  of  alcohol  of  approximately  the  same  strength  using 
calcium  oxide. 

2 —  -Theoretical  amounts  of  barium  oxide  reacting  without 
addition  of  heat  produce  99.6  per  cent  alcohol  in  72  hours. 

3 —  The  yields  using  barium  oxide  are  in  general  better 
than  those  obtained  using  lime. 

4 —  The  increased  cost  of  barium  oxide  over  lime  is  slight 
and  the  profitable  recovery  of  the  resulting  barium  hydroxide 
(not  discussed)  as  well  as  the  saving  in  alcohol  yield  lessen 
this  apparent  disadvantage. 


A  Self-Regulating  Gas  Flowmeter1 

Lyman  Chalkley,  Jr. 

Pennsylvania  State  College,  State  College,  Pa. 


IN  THE  course  of  some  work  upon  the  vapor  phase  oxi¬ 
dation  of  benzene,  it  became  necessary  to  have  a  means 
for  obtaining  a  constant  flow  of  air.  The  well-known 
device  of  a  T-tube  with  one  arm  opening  under  water  will 
give  an  approximate  regulation  of  air  pressure,  but  it  is 
not  very  accurate.  The  apparatus  described  in  this  paper, 
although  originally  constructed  as  a  makeshift  to  serve  while 
more  elaborate  instruments  were  in  preparation,  proved  so 
efficient  that  it  was  used  for  over  a  year  and  with  complete 
satisfaction.  It  was  designed  to  deliver  air  at  velocities  up 
to  500  cc.  per  minute,  and  proved  capable  of  continuous 
operation  over’periods  of  a  week  or  more. 

Description  of  Apparatus 

The  essential  parts  are  an  electrically  operated  gas  valve, 
a  flowmeter' consisting  of  a  capillary  tube  with  a  manometer 

i  Received  November  20,  1928. 


connected  across  it,  and  means  for  operating  the  valve  by  the 
changes  in  the  manometer  level. 

The  valve  mechanism  is  shown  in  Figure  1.  B  is  an  electric 
bell  from  which  the  bell  proper  has  been  removed.  The 
valve  A  is  an  ordinary  automobile  high-pressure  tire  valve. 
To  one  of  the  flat  sides  of  A  is  soldered  a  bolt,  which  serves 
to  fasten  the  valve  to  the  bell  frame.  A  portion  of  the  end 
of  valve  A  is  cut  away  so  that  the  stem,  C,  projects.  The 
valve  is  so  placed  that  C  is  hit  squarely  by  the  bell  clapper, 
D,  when  this  is  depressed.  It  did  not  prove  necessary  to 
have  this  clapper  vibrate  and  therefore  the  wires  from  the 
bell’s  magnet  coils  were  connected  directly  to  the  binding 
posts.  However,  the  end  of  C  should  be  a  little  distance 
from  D,  so  that  when  the  coils  are  energized  the  clapper  will 
gather  a  little  momentum  before  hitting  the  valve  stem.  This 
whole  bell-valve  combination  is  suspended  in  the  jar,  J,  by 
means  of  the  lead-in  wires,  H. 
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Air  entering  the  apparatus  is  carried  by  means  of  the  rubber 
tube  E  directly  to  the  “tire  end”  of  the  valve  A.  When  the 
valve  is  open,  the  air  passes  into  the  jar,  J,  and  out  through 
the  exit  tube,  F.  The  stopcock,  G,  serves  as  a  by-pass  valve, 
and  makes  it  possible  to  obtain  a  much  larger  flow  of  gas 
than  would  normally  pass  through  A. 

The  air  from  the  valve  is  run 
through  a  20-liter  bottle  to  smooth 
out  the  irregularities  in  flow  caused  by 
the  intermittent  operation  of  the 
valve. 

From  this  reservoir  the  air  passes 
to  the  flowmeter  shown  in  Figure  2. 
Here  0-  is  the  capillary.  The  flask, 
K,  contains  mercury,  below  the  level 
of  which  dips  the  end  of  the  man¬ 
ometer  tube,  L.  In  order  to  increase 
the  sensitiveness  of  the  apparatus,  L 
is  inclined  at  a  small  angle  to  the 
horizontal.  If  the  angle  whose  sine 
is  1/13 — about  4.5  degrees — is 
chosen,  the  pressure  read  along  L  in  centimeters  of  mer¬ 
cury  is  the  same  as  the  pressure  that  would  be  indicated  by 
a  vertical  water  manometer.  A  centimeter  scale  may  be 
glued  to  the  back  of  L.  If  the  level  of  mercury  in  the  flask 
K  varies  fairly  uniformly  with  the  change  in  level  of  the 
mercury  in  the  manometer  tube,  which  will  usually  be  the 
case,  the  use  of  a  fixed  scale  will  not  change  the  calibration 
curve  (manometer  scale  readings  plotted  against  rates  of 
flow)  from  an  approximately  straight  line. 

The  upper  end  of  the  tube  L  is  large  enough  to  take  a 
rubber  stopper,  M,  through  which  passes  a  long  glass  tube 
of  small  diameter,  N.  Through  the  lower  end  of  N  there  is 
sealed  a  tungsten  or  platinum  wire,  P.  (In  the  drawing 
no  distinction  is  made  between  the  wire  point,  P,  and  the  tube 
N.)  The  hole  in  the  stopper  M  is  lubricated  with  glycerol  so 
that  the  tube  N  will  slide  readily. 

The  capillary  0  should  be  placed  above  the  manometer 
as  indicated,  so  that  if  the  valve  ever  sticks  open  the  back 
pressure  of  mercury  in  the  vertical  tube  connecting  the 
upper  part  of  L  with  0  will  counterbalance  the  air  pressure 
and  prevent  mercury  from  being  blown  entirely  out  of  the 
manometer. 

Electrical  connection  with  the  mercury  reservoir  is  made 
by  means  of  the  iron  wire,  Q. 


The  flowmeter  circuit  operates  a  250-ohm  telegraph  relay, 
which  in  turn  operates  the  air  valve.  The  relay  contacts 
are  so  arranged  that  when  the  flowmeter  circuit  is  open  the 
valve  circuit  is  closed.  The  relay  draws  so  little  current 
that  it  is  not  necessary  to  connect  a  condenser  across  the 
flowmeter  circuit.  It  may  be  necessary  to  clean  the  point  P 
every  6  months  or  so.  On  the  other  hand,  the  bell  coils  in 
the  valve  mechanism  draw  a  quantity  of  current,  and  there¬ 
fore  the  batteries  in  the  valve  circuit,  if  batteries  are  used, 
must  be  watched  to  see  that  they  do  not  go  dead  during  an 


experiment.  When  the  apparatus  is  not  in  use,  the  valve 
circuit  must  be  broken. 

Performance 

The  operation  of  the  apparatus  should  be  clear  from  this 
description.  If  the  supply  of  air  or  gas  available  has  more 
than  a  moderate  pressure,  the  apparatus  should  be  protected 
by  some  sort  of  safety  valve,  such  as  a  tube  opening  under 
a  meter  or  two  of  water. 

The  efficiency  of  this  self-regulating  flowmeter  is  indicated 
by  its  performance  under  the  conditions  in  which  it  was 
actually  used.  As  employed  in  the  work  for  which  it  was 
designed,  the  flowmeter  was  operated  to  furnish  a  constant 
stream  of  air,  which  was  passed  through  a  constant  thickness 
of  liquid  benzene  heated  to  a  constant  temperature  in  a  ther¬ 
mostat.  It  was  especially  desired  to  vaporize  under  con¬ 
stant  conditions  a  definite  weight  of  benzene  in  a  given  time, 
and  to  have  the  results  reproducible. 

During  the  course  of  the  work  a  number  of  blank  runs 
were  made  in  which  the  vaporized  benzene  was  condensed 
under  standard  conditions,  and  weighed.  This  served  as  a 
check  on  the  functioning  of  the  whole  set-up,  of  which  the 
flowmeter  was  only  a  part.  However,  the  consistency  of 
the  experiments  indicates  the  dependability  of  the  flowmeter 
itself.  The  accompanying  table  gives  the  results  of  some 
pairs  of  these  blank  runs  made  over  a  period  of  8  months. 
In  most  cases  a  number  of  other  experiments  intervened 
between  the  two  blank  runs  of  a  pair.  It  will  be  understood 
that  only  the  two  runs  of  a  pair  are  to  be  compared  with 
each  other.  In  going  from  one  pair  to  another,  various 
changes,  such  as  in  the  flowmeter  setting  and  temperature  of 
benzene,  were  made. 

Checks  on  Flowmeter  Operation 


Duration  of 

Weight  of  Benzene 

Duration  of 

Weight  of  Benzene 

Run 

Recovered 

Run 

Recovered 

Hours 

Grams 

Hours 

Grams 

4 

(.a) 

270 

8 

(a) 

365 

( b ) 

272 

(6) 

365 

24 

(.a) 

165 

8 

(a) 

393 

( b ) 

165 

(6) 

393 

7 

(.a) 

415 

8 

(a) 

378 

(6) 

414 

(6) 

379 

8 

(a) 

340 

(6) 

342 

A  Convenient  Method  for  Preparing 
Na-K  Alloy4 

Thomas  Midgley,  Jr.,  and  Albert  L.  Henne 

Baker  Laboratory  of  Chemistry,  Cornei.l  University,  Ithaca,  N.  Y. 

A A/HF.N  maximum  reactivity,  at  relatively  low  tempera- 
*  ’  ture,  is  desired  of  an  alkaline  metal,  the  liquid 
sodium-potassium  alloy  is  very  useful.  The  most  common 
method  of  preparation  is  to  melt  the  metals  together  under 
kerosene.  This  method  is  not  satisfactory,  for  it  tends  to 
divide  the  alloy  into  small  particles  coated  with  dirt. 

The  alloy  is  easily  prepared  by  placing  freshly  cut  sodium 
and  potassium  in  slightly  wet  ether  and  slowly  agitating.  It 
keeps  clean  under  ether,  and  may  be  pipetted  from  the  bottom 
of  the  container  in  substantial  purity. 

Although  the  alloy  catches  fire  when  exposed  to  air  and 
must  consequently  be  handled  with  care  in  the  presence  of 
ether,  experience  has  shown  that  this  association  is  less 
dangerous  than  the  association  of  the  alloy  with  benzene, 
since  the  rapid  evaporation  of  the  ether  has  a  cooling  and  a 
blanketing  effect,  which  reduces  the  tendency  of  the  alloy  to 
ignite. 

1  Received  December  7,  1928. 
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Laboratory  Methods  of  Testing  the  Toxicity  of 

Wood  Preservatives' 

With  a  Suggested  Improvement  of  the  Agar  Plate  Method 

Henry  Schmitz 

Division  of  Forestry,  University  of  Minnesota,  St.  Paul,  Minn. 


DURING  the  past  fif¬ 
teen  or  twenty  years 
the  toxicity  to  fungi 
of  a  large  number  of  sub¬ 
stances  has  been  determined. 

These  determinations  have 
been  made  primarily  to  as¬ 
certain  the  efficacy  of  fungi¬ 
cides  and  wood  preservatives. 

Unfortunately,  many  differ¬ 
ent  methods  and  fungi  have 
been  used  in  making  these 
tests,  thus  making  it  prac¬ 
tically  impossible  to  compare  the  results.  Unfortunately,  too, 
there  seems  to  be  no  unanimity  of  opinion  regarding  the  uses, 
limitations,  or  value  of  toxicity  studies.2 

The  fact  that  a  wood  preservative  must  be  able  to  kill  or 
inhibit  the  organism  against  which  protection  is  desired  is 
almost  universally  recognized.  A  wood  preservative  must 
also  be  permanent,  it  must  be  easy  to  inject  into  the  wood, 
must  not  injure  the  wood  or  attack  steel,  etc. 

Toxicity  studies  deal  only  with  the  poisonous  properties  of 
a  wood  preservative,  and  therefore  they  do  not  give  a  com¬ 
plete  picture  of  the  value  of  any  particular  substance  as  a 
wood  preservative.  Furthermore,  the  results  are  usually 
expressed  in  terms  of  the  relative  amount  of  the  material 
necessary  to  stop  the  growth  or  kill  the  fungus  under  certain 
more  or  less  controlled  conditions.  These  conditions  may 
vary  considerably,  and  each  variation  to  some  extent  modifies 
the  results.  Nevertheless,  by  the  use  of  standardized  meth¬ 
ods  it  is  possible  to  get  results  that  are  comparable,  thus  per¬ 
mitting  a  comparison  of  the  toxic  or  poisonous  properties  of 
any  given  number  of  substances. 

For  commercial  work,  however,  it  is  of  interest  to  know  the 
amount  of  material  that  must  be  initially  injected  into  the 
wood  in  order  to  maintain  the  desired  amount  of  preservative 
for  a  definite  period  of  time.  Laboratory  studies  of  the  tox¬ 
icity  of  wood  preservatives  do  not  give  this  information. 
Attempts  to  calculate  the  amount  of  material  which  must  be 
injected  into  the  wood  from  laboratory  studies  of  toxicity 
are,  therefore,  based  upon  an  erroneous  conception  of  the 
value  of  such  studies. 

General  Methods  of  Determining  Toxicity 

Broadly  speaking,  the  toxicity  of  wood  preservatives  may 
be  determined  by  either  of  two  general  methods.  The  first 
consists  of  determining  the  resistance  to  decay  of  wood  im¬ 
pregnated  with  the  toxic  material.  The  wood  may  either  be 
en  masse  or  in  the  form  of  a  fine  sawdust  or  wood  flour.  The 
second  method  consists  of  adding  the  toxic  material  to  nu¬ 
trient  agar,  emulsifying  the  mixture,  when  necessary,  by 
shaking,  and  determining  the  inhibiting  effect  of  the  toxic 
material.  Both  of  these  methods  have  certain  advantages 

>  Received  October  12,  1928.  Published  with  the  approval  of  the 
director  as  Paper  804  of  the  Journal  Series  of  the  Minnesota  Agricultural 
Experiment  Station. 

2  Bateman,  Proc.  Am.  Wood-Preservers'  Assocn.,  24,  35  (1928). 


and  disadvantages,  and 
neither  gives  exactly  the  in¬ 
formation  most  desired.  The 
limitations  of  these  tests  not¬ 
withstanding,  they  are  prac¬ 
tically  the  only  methods  by 
which  the  toxic  value  of  a 
given  substance  may  be  de¬ 
termined  in  a  short  time  and, 
when  the  same  procedure  and 
the  same  organisms  are  used, 
it  is  possible  to  get  relative 
values  of  the  toxic  properties 

of  a  number  of  substances. 

Impregnated  Wood  Methods 

Subjecting  injected  wood  to  the  action  of  the  wood-de¬ 
stroying  fungi  is  probably  the  oldest  method  for  determining 
the  toxic  properties  of  wood  preservatives.  As  early  as  1848 
de  Gemini3  reported  the  results  of  a  series  of  experiments  in 
which  shavings  injected  with  coal-tar  creosote  had  been  placed 
in  a  rotting  pit,  in  order  to  determine  the  efficacy  of  coal-tar 
creosote  as  a  wood  preservative.  Boulton3  used  a  similar 
method  in  his  work,  but  kept  his  cultures  under  observation 
for  more  than  four  years.  This  method  cannot,  therefore, 
be  used  when  quick  results  are  essential. 

Malenkovic4  and  Netzsch5  also  used  impregnated  wood  to 
determine  the  toxicity  of  wood  preservatives.  The  methods 
followed  by  these  investigators  are  not  greatly  different  than 
those  proposed  by  Boulton.  Falck,6  however,  has  recently 
proposed  a  standard  method  which  he  uses  in  all  tests  of 
volatile  wood  preservatives.  Small  blocks  of  pine  sapwood, 
50  X  25  X  15  mm.,  are  air-dried  and  then  steeped  in  the  sub¬ 
stance  to  be  tested,  then  again  air-dried,  and  weighed.  The 
increase  in  weight  shows  the  amount  of  preservative  absorbed. 
It  is  recommended  that  the  impregnated  wood  be  dried  under 
sterile  conditions  in  order  to  make  sterilization  of  the  blocks 
unnecessary.  The  test  blocks  are  then  placed  in  a  special 
type  of  flask  containing  an  8-day  old  culture  of  Coniophora 
cerebella  or  any  other  wood-destroying  fungus.  At  the  end 
of  3  months  the  test  specimens  are  split  open  and  examined 
microscopically.  Cultures  are  also  made  from  the  various 
portions  of  the  blocks  to  determine  the  presence  of  mycelium. 

Wood  impregnated  with  preservatives  was  also  used  by 
Curtin7  and  his  associates  in  making  tests  on  the  toxicity 
and  permanence  of  certain  wood  preservatives.  Long  sticks 
of  treated  wood  were  introduced  into  test  tubes  containing  5 
cc.  of  nutrient  gel  in  the  bottom  and  inoculated  with  Fomes 
annosus.  These  tests  were  not  made  to  determine  the  exact 
toxic  value  of  the  preservative  in  question,  but  were  designed 
to  show  its  relative  permanence.  The  method  does  not  vary 

3  See  Boulton,  “Preservation  of  Timber  by  Use  of  Antiseptics," 
New  York,  1885. 

4  Malenkovic,  Mitt.  Gegenst.  Artil.  Geniew.,  35,  311  (1904). 

6  Netzsch,  Naturw.  Z.  Forst-  Landw.,  8,  377  (1910). 

*  Falck,  Hausschwammforschungen,  8,  17  (1927). 

7  Curtin,  Kline,  and  Thordarson,  Ind.  Eng.  Chem.,  19,  1340  (1927). 


The  various  methods  which  have  been  used  to  deter¬ 
mine  the  toxicity  of  wood  preservatives  are  critically 
reviewed.  It  is  apparent  that  no  single  method  has 
yet  been  devised  which  is  entirely  satisfactory.  The 
determination  of  the  toxicity  of  relatively  volatile 
substances,  such  as  coal-tar  creosote,  is  particularly 
difficult,  owing  to  the  control  of  the  loss  of  preservative 
during  the  sterilization  process.  In  order  to  prevent 
this  loss,  it  is  proposed  to  place  the  preservative  in 
small  sealed  glass  ampuls,  which  are  later  broken 
to  liberate  the  preservative  to  form  preservative-agar 
mixtures  of  any  desired  concentration. 
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greatly  from  that  proposed  by  Falck,  but  the  application  is 
different. 

The  use  of  impregnated  sawdust,  in  order  to  insure  a  more 
even  distribution  of  the  preservative  in  the  wood,  has  been 
suggested  by  Schmitz  and  Zeller.8  Coal-tar  creosote  is  dis¬ 
solved  in  redistilled  95  per  cent  ethyl  alcohol  and  added  to 
the  sawdust  with  constant  stirring.  The  alcohol  is  then  per¬ 
mitted  to  evaporate  by  exposing  the  impregnated  sawdust, 
spread  out  in  a  thin  layer,  to  the  air.  The  desired  amount  of 
impregnated  sawdust  is  then  placed  in  a  culture  flask,  a  known 
amount  of  distilled  water  added,  the  flask  and  contents  steril¬ 
ized  and  inoculated  with  Lenzites  sepiaria.  Since  the  culture 
must  be  kept  under  observation  for  from  4  to  8  weeks,  the 
cotton  plugs  are  covered  with  paraffined  paper  in  order  to 
reduce  the  rate  of  water  loss.  It  is  important  that  the  inocu¬ 
lum  be  placed  near  the  inner  wall  of  the  flask  in  order  that  it 
may  be  examined  with  the  aid  of  a  strong  hand  lens. 

The  sawdust  method  has  been  modified  in  the  toxicity 
test  made  recently  in  this  laboratory,  eliminating  the  steriliza¬ 
tion  of  the  impregnated  sawdust.  After  the  creosote-alcohol 
solution  has  been  added  to  the  sawdust  in  the  manner  de¬ 
scribed  above,  the  impregnated  sawdust  is  placed  in  previously 
sterilized  culture  flasks.  The  alcohol  is  permitted  to  evapo¬ 
rate  through  the  cotton  plug.  This  usually  requires  8  to 
10  days,  during  which  time  the  flasks  are  frequently  shaken 
to  prevent  the  accumulation  of  creosote  on  the  upper  surface 
of  the  sawdust.  After  the  alcohol  has  evaporated,  a  known 
amount  of  hot,  sterile,  distilled  water  is  added  to  each  culture 
flask.  The  moist  impregnated  sawdust  is  then  thoroughly 
mixed  with  a  sterile  spatula  and  the  culture  flask  is  ready  for 
inoculation.  When  due  care  is  used  in  adding  the  water  to 
the  flasks  and  when  the  impregnated  sawdust  is  mixed  with 
the  spatula,  the  number  of  contaminations  is  small. 

This  modification  eliminates  some,  but  not  all,  of  the  short¬ 
comings  of  the  method.  The  most  obvious  weakness  of  the 
method  is  that  considerable  time  is  required  for  the  alcohol 
to  evaporate,  during  which  an  appreciable  loss  of  creosote, 
particularly  of  the  lighter  fractions,  also  occurs. 

Impregnated  sawdust  was  also  used  by  Reeve9  to  determine 
the  toxicity  of  a  number  of  wood  preservatives.  The  oil  to  be 
tested  is  first  dissolved  in  c.  p.  benzene,  the  solution  being  pre¬ 
pared  in  such  concentration  that  from  15  to  30  cc.  will  intro¬ 
duce  the  desired  percentage  of  preservative  when  mixed  with  10 
grams  of  sawdust.  After  impregnation,  the  sawdust  is  spread 
on  large  watch  glasses  and  allowed  to  dry  at  room  temperature 
for  24  hours.  The  dried  impregnated  sawdust  is  then  mixed 
with  a  predetermined  optimum  amount  of  distilled  water  and 
spread  over  the  bottom  of  a  Petri  dish  and  pressed  lightly 
with  a  flat  metal  block  to  form  a  smooth  firm  layer,  approxi¬ 
mately  4/ 8  inch  (3  mm.)  in  thickness.  The  dishes  are  then 
covered,  clamped  in  a  wooden  frame,  and  sterilized  in  an  auto¬ 
clave  for  20  minutes  with  steam  at  5  pounds  per  square  inch 
(Vj  atmosphere)  pressure.  The  dishes  after  cooling  are 
ready  for  inoculation. 

The  concentrations  necessary  to  inhibit  the  growth  of 
wood-destroying  fungi  are  quite  high  when  obtained  through 
the  use  of  this  method.  Bateman,10  in  a  discussion  of  the 
method,  calls  attention  to  the  fact  that  the  use  of  sawdust  is 
quite  a  different  thing  than  the  use  of  wood,  because  it  is 
impossible  to  get  fungi  to  grow  on  sawdust,  if  the  concentra¬ 
tion  of  water  is  much  below  200  per  cent,  while  wood  con¬ 
taining  only  50  per  cent  is  very  susceptible  to  decay.  Con¬ 
sequently  the  values  obtained  from  sawdust  cannot  be  ex¬ 
pected  to  check  with  those  obtained  from  wood  en  masse. 

Bateman  also  suggests  that,  since  the  oil  is  dissolved  in 
benzene  when  it  enters  the  wood,  it  is  possible  that  there  is 

8  Schmitz  and  Zeller,  Ind.  Eng.  Chem.,  13,  621  (1921). 

9  Reeve,  Proc.  Am.  Wood-Preservers'  Assocn.,  24,  42  (1928). 

10  Bateman,  Ibid.,  24,  50  (1928). 


not  sufficient  contact  between  the  oil  and  the  water  to  permit 
the  oil  to  exert  its  full  toxic  effect. 

A  modification  of  the  impregnated  sawdust  method  has 
also  been  used  by  Curtin7  and  his  associates.  A  suspension 
of  sawdust  prepared  from  treated  wood  is  made  in  standard 
malt  agar.  Curtin  calls  attention  to  the  fact  that  this  type 
of  test  is  of  no  importance  in  the  case  of  the  less  toxic  pre¬ 
servatives,  since  it  is  possible  for  the  fungus  to  grow  in  the 
gel  between  particles  of  wood.  In  cases  where  complete  in¬ 
hibition  is  accomplished,  however,  the  results  are  considered 
to  be  significant. 

By  the  use  of  impregnated  wood  in  the  determination  of 
the  toxic  properties  of  a  wood  preservative,  experimental 
conditions  more  or  less  closely  resembling,  but  not  identical 
with,  the  conditions  of  treated  wood  in  actual  use  are  obtained. 
This  method  also  has  some  very  definite  limitations,  one  of 
the  most  important  of  which  is  the  difficulty,  if  not  the  im¬ 
possibility,  of  obtaining  an  even  distribution  of  the  preserva¬ 
tive  through  the  wood.  It  is,  of  course,  true  that  the  sap- 
wood,  and  for  that  matter  the  heartwood,  of  certain  tree  spe¬ 
cies  is  quite  permeable  to  coal-tar  creosote,  and  in  such  cases 
the  entire  wood  can  be  injected  with  the  creosote.  To  inject 
even  such  wood  with  small  amounts  of  creosote,  evenly  dis¬ 
tributed,  would  necessitate  dissolving  the  creosote  in  some 
solvent  such  as  alcohol  or  benzene  and  then  permitting  the 
solution  to  evaporate.  Getting  rid  of  the  solvent  would  re¬ 
quire  considerable  time,  during  which  a  considerable  loss  of 
creosote  would  occur.  Although  it  is  possible  to  determine 
the  amount  of  creosote  in  impregnated  wood  after  the  solvent 
has  been  evaporated,  provided  the  original  dry  weight  of  the 
wood  is  known,  nevertheless  the  composition  of  the  creosote  in 
the  impregnated  wood  after  the  solvent  has  evaporated  may 
be  quite  different  from  that  of  the  original  sample.  More  im¬ 
portant  still,  the  movement  of  the  solvent  in  the  wood  during 
drying  would  cause  an  uneven  distribution  of  the  creosote. 

With  more  experimental  work,  the  impregnated  wood 
method  of  determining  the  toxicitiy  of  wood  preservatives 
could  undoubtedly  be  materially  improved.  This  is  an  im¬ 
portant  field  of  investigation  and  should  receive  more  attention. 

Nutrient  Agar  Methods 

During  recent  years  there  seems  to  be  a  decided  trend 
toward  the  use  of  nutrient-agar  preservative  mixtures,  emul¬ 
sions,  and  solutions  to  determine  the  toxicity  to  wood  pre¬ 
servatives.  The  technic  used  in  making  these  tests  is  being 
constantly  modified  and  improved. 

One  of  the  earliest  studies  made  of  the  toxicity  of  wood  pre¬ 
servatives  in  which  the  method  was  used  was  made  by  Malen- 
kovic.4  The  preservatives  are  added  to  a  10  per  cent  gelatin 
or  a  2  per  cent  agar  culture  medium  in  known  amounts. 
These  mixtures  are  not  sterilized,  but  are  inoculated  directly 
with  a  common  mold  fungus.  That  concentration  on  which 
no  growth  of  mold  developed  in  14  days  is  considered  to  be  the 
toxic  concentration.  It  is  now  known,  however,  that  the 
resistance  of  molds  to  toxic  agents  may  be  quite  different 
from  that  of  the  true  wood-destroying  fungi.  Even  strains 
of  the  same  species  of  fungus  may  exhibit  considerable  varia¬ 
tion  in  their  resistance  to  toxic  agents. 

Malenkovic’s  method  was  slightly  modified  by  Netzsch5 
in  so  far  as  a  true  wood  destroying  fungus  was  used  in  the 
tests.  Netzsch  also  extended  the  incubation  period  from 
about  10  days  to  approximately  4  weeks.  The  results  are 
presented  on  the  basis  of  the  number  of  liters  of  culture  media 
which  must  be  added  to  1  gram  molecule  of  the  preservative 
to  prevent  fungous  growth.  This  basis  of  presenting  the  re¬ 
sults  of  toxicity  studies  has  many  drawbacks  from  a  practical 
point  of  view,  and  it  cannot  be  used  when  the  toxicity  of 
mixtures  such  as  coal-tar  creosote  is  studied;  but  from  a 
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technical  point  of  view  it  is  superior  to  the  percentage  basis, 
since  it  shows  the  relative  toxicity  of  different  chemical  units. 

Weiss11'12  and  Rumbold,13  the  latter  at  least  in  part,  used 
methods  more  or  less  similar  to  those  of  Netzsch.  The 
organisms  used,  however,  differed  in  each  case.  Weiss  used 
Bacillus  subtiUus,  Saccharomyces  glutinis,  and  a  species  of 
Pendllium,  while  Rumbold  used  a  true  wood  destroyer,  Fomes 
annosus.  Rumbold  sterilized  the  agar  preservative  mixtures, 
which  is  now  known  to  modify  their  toxic  properties  materially. 
He  also  used  toasted  bread  soaked  with  the  antiseptic  solu¬ 
tion  as  a  culture  medium,  a  procedure  not  to  be  recommended 
in  the  present  state  of  our  knowledge  concerning  the  subject. 
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Figure  1 — -Type  of  Bulbs  Used  in  Making  Toxicity  Tests  of 
Volatile  Wood  Preservatives 
A — Unfilled  bulbs,  half  actual  size 
B — Bulbs  containing  creosote  with  necks  sealed 
C — Capillary  tube  used  in  placing  creosote  in  the  bulbs 

In  1912  Falck14  reported  the  results  of  a  rather  extensive 
study  in  which  a  large  number  and  variety  of  substances  were 
tested  with  reference  to  their  toxic  properties,  wThen  mixed 
with  a  nutrient  culture  medium. 

It  is  extremely  difficult  to  secure  an  even  mixture  of  some 
creosote  oils  in  an  agar  or  gelatin  medium.  Some  creosotes 
emulsify  readily  with  an  agar  culture  medium  when  vigorously 
shaken  while  hot,  while  with  others,  particularly  creosote-tar 
and  creosote-crude-oil  mixtures,  it  is  practically  impossible 
to  secure  a  uniform  distribution  of  the  preservative  in  the 
medium.  In  order  to  facilitate  emulsification,  Dean  and 
Downs15  suggested  the  use  of  creosote-gum  arabic  emulsions. 
Humphrey  and  Fleming16  have  shown,  however,  that  the  gum 
arabic  materially  reduces  the  toxicity  of  creosote.  There  does 
not  seem  to  be  much  question  that  any  colloidal  gel,  such  as 
agar-agar  or  gelatin,  introduces  certain  errors  which  may  differ 
in  magnitude  with  each  substance  used.  This  fact  must  al¬ 
ways  be  taken  into  consideration  when  the  agar  plate  method 
of  determining  toxicity  is  used  to  evaluate  the  merits  of  any 
toxic  substance  as  a  wood  preservative. 

It  has  further  been  shown  by  Fitch17  that  the  addition  of 
even  a  relatively  inert  substance,  such  as  ground  glass,  modi¬ 
fies  the  toxicity  to  Pendllium  glaucum  of  copper  sulfate. 
Furthermore,  the  size  of  the  glass  particles  influences  the 
magnitude  of  the  modification.  The  action  of  solid  sub¬ 
stances  in  reducing  deleterious  effects  of  poisonous  solutions  is 
attributed  to  the  process  of  “absorption.” 

The  work  of  Dean  and  Downs  and  of  Fitch  raises  some 
questions  of  great  importance.  Does  the  wood  absorb  a 
part  of  the  preservative,  whether  an  inorganic  salt  or  coal-tar 
creosote,  and  thus  remove  it  from  the  sphere  of  action? 
Do  different  woods  absorb  different  amounts  of  preservative 
and  are  different  preservatives  absorbed  to  different  degrees? 
Theoretically  these  are  all  possibilities,  if  not  probabilities, 

11  Weiss,  J.  Soc.  Chem.  Ind.,  30,  190  (1911). 

12  Ibid.,  30,  1348  (1911). 

12  Rumbold,  Naturw.  Z.  Forst-  Landv).,  10,  429  (1911). 

14  Falck,  Hausschwammforschungen,  6,  338  (1912). 

15  Dean  and  Downs,  Orig.  Com.  8th  Intern.  Cong.  A ppl.  Chem.,  13,  103 
(1912). 

16  Humphrey  and  Fleming,  U.  S.  Dept.  Agr.,  Bull.  227  (1915). 

17  Fitch,  Ann.  Mycologici,  4,  313  (1906). 
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and  they  are  questions  of  sufficient  importance  to  warrant 
careful  study. 

Weiderpass  and  Kogerman18  have  also  proposed  a  modifica¬ 
tion  of  an  agar  plate  method  of  determining  the  toxicity  of 
preservatives  to  fungi,  which  overcomes  some  of  the  diffi¬ 
culties  experienced  in  emulsifying  creosote  agar  mixtures. 
A  creosote  emulsion  is  first  prepared  by  adding  2.10  grams  of 
oil,  2  grams  of  fat,  20  grams  of  sodium  hydroxide,  and  68.0 
grams  of  water.  This  stock  solution  is  then  added  to  the 
culture  medium  to  make  any  desired  concentration  of  the  oil. 
The  addition  of  fat  and  sodium  hydroxide,  however,  intro¬ 
duces  errors  very  difficult  of  evaluation. 

The  work  of  Humphrey  and  Fleming16  marks  the  beginning 
in  this  country  of  carefully  controlled  toxicity  tests.  In  this 
work  a  standard  malt  agar  was  used  as  a  culture  medium. 
The  culture  medium  and  the  preservative  are  sterilized  sepa¬ 
rately  under  conditions  which  supposedly  prevent  the  loss  of 
either  preservative  or  culture  medium.  After  sterilization, 
the  preservative  and  the  culture  medium  are  mixed  and  vigor¬ 
ously  shaken  until  about  ready  to  gel,  when  they  are  quickly 
poured  into  cold  Petri  dishes.  This  procedure  hastens  gela¬ 
tion  and  in  part  prevents  the  separation  of  the  emulsion.  The 
incubation  period  is  also  extended,  in  some  cases  running  over 
10  weeks.  The  toxicity  of  these  mixtures  to  Fomes  pinicola 
and  Fomes  annosus  was  tested.  The  latter  fungus  is  now 
used  in  all  the  toxicity  experiments  at  the  Forest  Products 
Laboratory. 

When  the  toxic  properties  of  a  volatile  substance,  such  as 
certain  fractions  of  coal-tar  creosote  and,  as  a  matter  of  fact 
coal-tar  creosote  itself,  pyridine,  etc.,  are  tested,  the  Petri 
dish  is  not  entirely  satisfactory  since  it  permits  the  loss  of 
considerable  of  the  volatile  material.  This  loss  can  be  re¬ 
duced  somewhat  by  placing  the  inoculated  dishes  under  small 
bell  jars  set  on  glass  plates.  If  hard  vaseline  is  applied  at 
the  point  of  contact  between  the  bell  jar  and  the  glass  plate, 
volatilization  can  be  limited  to  the  volume  of  air  contained 
under  the  bell  jar.  It  is  not  good  practice,  however,  to  place 
Petri  dishes  containing  different  concentrations  of  the  toxic 
material  under  the  same  jar,  since  a  gradual  distillation  from 
the  higher  to  the  lower  concentrations  occurs. 

The  use  of  glass-stoppered  Erlenmeyer  flasks  in  place  of 
Petri  dishes  in  toxicity  tests  has  been  recently  recommended 
by  Bateman  and  Henningson.19  Closed  flasks  of  this  type 
make  it  possible  to  calculate,  when  the  vapor  tension  of  the 
substance  is  known,  the  amount  of  toxic  substance  which  will 
be  lost  from  the  culture  medium  and  taken  up  by  the  air  in 
the  flask.  Enough  oxygen  is  contained  in  the  flask  to  permit 
considerable  growth  of  the  fungus.  The  toxic  properties  of 
certain  volatile  and  very  toxic  substances  can  be  accurately 
studied  only  -when  the  factors  mentioned  above  are  taken  into 
consideration. 

Falck6  has  recently  proposed  another  modification  of  the 
agar  plate  method  for  testing  the  toxicity  of  substances  which 
act  as  “respiration  poisons.”  The  fungus  is  grown  on  a  malt- 
agar  medium  in  low,  wide-mouthed  flasks  for  8  days.  The 
desired  amount  of  toxic  substances  is  placed  in  a  low  dish 
which  is  set  on  a  cork,  the  cotton  plug  is  removed,  and  the 
culture  flask  inverted  over  the  dish  containing  the  substance 
to  be  tested.  At  intervals  of  1,  2,  4,  and  8  days  transfers  are 
made  for  the  fungus  culture  to  determine  if  it  has  been  killed. 
Since  there  is  no  question  that  some  of  the  volatile  substances 
will  be  taken  up  by  the  agar  culture  medium,  the  results  ob¬ 
tained  with  this  method  are  of  extremely  doubtful  value  in 
so  far  as  they  may  indicate  that  a  given  substance  is  a  “respi¬ 
ration  poison.”  If  such  a  culture  flask  were  maintained  under 
constant  conditions  for  a  considerable  length  of  time,  an 

18  Weiderpass  and  Kogerman,  Naturforsch.Ges.  Univ.  Tartu,  33, 28  (1926). 

15  Bateman  and  Henningson,  Proc.  Am.  Wood-Preservers’  Assocn.,  19, 
136  (1923). 


April  15,  1929 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


79 


equilibrium  would  be  reached  between  the  amount  of  the 
volatile  substance  taken  up  by  the  agar  medium  and  the 
amount  of  the  air  above  it.  The  exact  ratio  would,  of  course, 
depend  upon  the  solubility  of  the  particular  substance,  its 
vapor  pressure,  temperature,  and  other  factors.  The  opening 
of  the  flask  for  the  purpose  of  making  transfers  also  introduces 
an  error  which  might  be  eliminated  by  preparing  a  number  of 
such  flasks  from  each  of  which  only  one  transfer  is  made.  On 
the  whole,  the  method  has  little  to  recommend  it  either  from 
a  practical  or  scientific  point  of  view. 

A  modification  of  the  Petri  dish  method  to  test  the  toxicity 
of  relatively  insoluble  substances  has  been  devised  by  Curtin.20 
In  connection  with  certain  tests  of  the  toxicity  of  barium  car¬ 
bonate,  a  double-strength  nutrient  solution  was  prepared, 
and  to  10  grams  of  this  were  added  5  grams  of  sodium  carbon¬ 
ate  solution  containing  the  required  quantity  of  carbonate. 
Then,  after  shaking,  5  grams  of  solution  containing  the  proper 
amount  of  barium  chloride  were  added,  with  shaking.  The 
barium  was  immediately  precipitated  as  carbonate  in  the  hot 
solution  and  the  cooling  of  the  jelly  held  it  in  place  with  a 
minimum  aggregation  and  settling  out.  This  method  is 
claimed  to  be  very  satisfactory  in  preparing  cultures  of  certain 
relatively  insoluble  substances,  but  some  compounds  cannot 
be  handled  in  this  way,  because  other  undesirable  chemical 
reactions  take  place.  Such  materials  must  be  treated  in  the 
powdered  form. 

A  very  important  advance  in  toxicity  tests  has  been  made 
by  Bateman21  which  greatly  simplifies  the  determination  of 
the  toxic  concentrations  of  any  substance  by  the  modified 
agar  plate  method.  It  has  been  shown  that  there  is  a  definite 
relationship  between  the  concentration  of  a  preservative 
and  the  percentage  retardation  of  the  growth  of  the  fungus. 
This  relationship  is  such  that  a  straight  line  is  obtained  when 
the  logarithm  of  the  concentration  is  plotted  against  the  loga¬ 
rithm  of  the  percentage  retardation.  Falck22  had  previously 
shown  that  under  constant  conditions  the  rate  of  radial  growth 
of  fungi  is  constant.  Hence  it  is  only  necessary  to  prepare  two 
concentrations  below  the  toxic  limit  of  the  substance  and  to 
plot  the  logarithm  of  the  concentration  used  against  the  loga¬ 
rithm  of  the  percentage  retardation.  This  curve,  being  a 
straight  line,  may  be  extended  to  determine  the  concentration 
necessary  to  inhibit  entirely  the  growth  of  the  fungus. 

Modification  of  Agar  Plate  Method 

One  of  the  outstanding  difficulties  in  any  of  these  methods  of 
testing  toxicities  of  wood  preservatives  is  in  connection  with 
the  sterilization  of  the  preservative  itself.  This  is  particularly 
true  when  the  preservative  is  volatile,  as  coal-tar  creosote. 
When  the  preservative  is  a  liquid,  or  a  solid  in  a  concentrated 

»  Curtin,  Ind.  Eng.  Chem.,  19,  1159  (1927). 

21  Bateman,  Private  communication  on  data  to  appear  soon. 

22  Falck,  H ausschwammforschungen ,  1,  53  (1907). 


solution,  it  is  not  necessary  to  sterilize  the  preservative,  be¬ 
cause  ordinarily  these  substances  are  toxic  enough  to  be  sterile. 
It  is  necessary,  however,  to  sterilize  the  container  in  which  the 
preservative  is  placed  before  addition  of  the  nutrient  agar. 
The  common  practice  is  to  place  known  amounts  of  the  pre¬ 
servative  in  tightly  stoppered  bottles  or  flasks  and  sterilize 
them.  It  is  extremely  difficult,  however,  to  prevent  the  loss 
of  more  or  less  of  the  preservative  by  volatilization.  During 
heating  the  air  in  the  flasks  expands,  causing  considerable 
internal  pressure  in  the  flasks.  If  a  cork  stopper  is  used,  it 
softens  during  steaming,  permitting  the  loss  of  some  pre¬ 
servative.  When  glass-stoppered  bottles  are  used  and  the 
stopper  is  tight,  the  internal  pressures  are  often  sufficient  to 
burst  the  flask. 

In  order  to  overcome  these  difficulties  and  to  prevent  the 
loss  of  any  preservative  during  sterilization,  it  is  proposed  that 
known  amounts  of  preservative  be  placed  in  small  glass  bulbs 
or  ampuls  of  known  weight,  which  are  then  sealed  and 
weighed.  The  sealed  bulb  is  then  placed  in  a  glass-stoppered 
Erlenmeyer  flask  with  a  sufficient  amount  of  nutrient  culture 
medium  to  make  the  concentration  desired.  During  steriliza¬ 
tion  the  flask  is  plugged  with  cotton,  the  glass  stopper  being 
tied  to  the  flask  by  means  of  a  string.  After  sterilization,  the 
cotton  plug  is  removed  and  the  bulb  containing  the  preserva¬ 
tive  is  broken  by  means  of  a  sterile  glass  rod.  The  glass 
stopper  is  then  inserted  and,  after  very  gentle  shaking  to 
permit  some  of  the  expanded  air  to  escape,  is  tightly  inserted 
and  the  flask  violently  shaken  to  emulsify  the  mixture.  When 
about  ready  to  gel,  the  upper  portion  of  the  flask  is  flamed  in 
order  to  expand  the  air  in  it  and  thus  permit  the  easy  removal 
of  the  glass  stopper,  and  the  emulsion  is  poured  into  cold 
sterile  Petri  dishes. 

This  method  of  testing  the  toxicity  of  wood  preservative 
has  been  tried  in  this  laboratory  and  found  to  be  very  satis¬ 
factory.  Only  one  difficulty  was  experienced,  which  consists 
of  the  preservative  getting  into  the  neck  of  the  bulb.  It  is 
quite  difficult  to  break  the  small  neck  of  the  bulbs  by  means 
of  a  glass  rod,  as  previously  mentioned.  It  can,  however, 
be  easily  broken  by  the  use  of  sterile  tongs. 

Care  must  be  taken  in  filling  the  bulb  not  to  get  any  pre¬ 
servative  on  the  inner  wall  of  the  neck,  since  a  portion  of  this 
would  volatilize  and  be  lost  when  the  neck  is  sealed.  The 
preservative  can  easily  be  placed  in  the  bulbs  by  use  of  an 
ordinary  capillary  tube  shown  in  Figure  1,  C.  After  a  little 
experience  the  amount  of  the  preservative  added  to  the  bulb 
can  be  estimated  fairly  accurately  by  counting  the  number  of 
drops  from  the  capillary  tube. 

This  modification  of  the  regular  agar  plate  method  of  de¬ 
termining  the  toxicity  of  volatile  wood  preservatives  is  rapid, 
simple,  and  eliminates  all  possibility  of  loss  of  preservative 
during  sterilization. 


Modification  of  Hempel  Gas  Pipet1 

Geo.  H.  W.  Lucas 

Department  of  Pharmacology,  University  of  Toronto,  Toronto,  Canada 


L1  VERY  analyst  who  has  used  a  Hempel  gas  pipet  knows  how 

difficult  it  is  when  employing  mercury  in  the  gas  buret  to 
prevent  such  substances  as  alkaline  pyrogallol,  fuming  sul¬ 
furic  acid,  etc.,  from  running  up  the  capillary  tubing  in  the 
pipet  and  coming  into  contact  with  the  rubber  at  the  juncture 
between  the  pipet  and  the  buret,  when  the  level  of  the  mercury 
in  the  buret  and  the  leveling  tube  is  being  adjusted.  Further¬ 
more,  as  the  gas  is  run  back  and  forth  through  the  pipet,  droplets 
collect  in  the  capillary  tubing  and  these  are  frequently  sucked 

1  Received  February  11,  1929. 


back  into  the  buret  when  the  gas 
is  being  aspirated  into  it.  The 
author  has  found  that  a  small 
bulb  about  0.5  cc.  in  volume  blown 
in  the  capillary  tubing,  as  shown  in 
the  accompanying  sketch,  causes 
these  bubbles  to  be  broken,  and  as 
it  takes  a  few  moments  for  the  bulb 
to  fill  one  has  plenty  of  time  to 
level  the  mercury  in  the  buret. 
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The  Reaction  of  Cellulose  with  Phenylhydrazine 

Acetate 

C.  J.  Staud  and  H.  LeB.  Gray 

Eastman  Kodak  Company,  Rochester,  N.  Y. 


THE  first  observation  of  a  reaction  between  cellulose  and 
phenylhydrazine  appears  to  have  been  made  in  1892 
by  Nastjukoff,2  who  found  that  when  cellulose  was 
treated  with  phenylhydrazine  hydrochloride  in  the  presence 
of  sodium  acetate,  it  took  up  phenylhydrazine  and  assumed  a 
yellow  color  which  could  not  be  extracted  with  alcohol  or 
ether.  The  reaction  was  subsequently  investigated  by  Vig- 
non.3  Finally  it  was  the  subject  of  experimentation  by 
Knecht,  who  attempted  to  use  the  reaction  in  the  estimation 
of  the  degradation  of  cellulose  by  the  so-called  “osazon 
method.”4  The  procedure  employed  by  Knecht  was  the 
treatment  of  cellulose  with  an  excess  of  phenylhydrazine 
solution  followed  by  back  titration  using  titanous  chloride. 

It  was  deemed  of  interest  to  attempt  to  correlate  the  values 
obtained  with  the  copper  numbers  of  cellulose,  and  an  investi¬ 
gation  of  the  problem  of  the  action  of  phenylhydrazine  acetate 
on  cellulose  was  first  made  using  as  a  basis  the  procedure  of 
Vignon.3 

Vignon  Procedure 

In  the  first  experiments  the  method  employed  by  Vignon 
was  carefully  followed.  Five  grams  of  sulfite  pulp  which  had 
been  degraded  by  the  action  of  nitric  acid  and  thoroughly 
washed  and  dried  were  placed  in  a  solution  consisting  of  7.5 
grams  of  glacial  acetic  acid  and  12  grams  of  phenylhydrazine 
diluted  to  100  cc.  with  distilled  water.  After  l/2  hour  on  the 
water  bath  the  cellulose  was  filtered  with  suction  and  washed 
on  the  filter  by  slow  addition  of  200  cc.  of  distilled  water 
followed  by  200  cc.  of  95  per  cent  ethyl  alcohol.  It  was  then 
subjected  to  vacuum  filtration  for  several  minutes,  after  which 
it  was  dried.  The  last  of  the  alcohol  used  for  washing  was  of 
a  definite  yellow  color.  The  residue  was  bright  yellow  and 
had  a  pronounced  odor  of  phenylhydrazine.  The  nitrogen 
content,  however,  was  determined  by  the  modified  Devarda 
method,  to  be  described  herein,  and  found  to  be  1.24  and  1.33 
per  cent. 

Although  fair  agreement  in  the  nitrogen  content  with  values 
given  by  Vignon  was  obtained,  it  appeared  that  the  procedure 
led  to  erroneous  results  because  of  the  short  time  of  heating 
and  the  rather  obviously  inadequate  extraction  employed. 

Improvement  in  Vignon  Procedure 

As  a  matter  of  convenience  15  cc.  of  phenylhydrazine  were 
used  in  place  of  12  grams  recommended  by  Vignon  and  100  cc. 
of  10  per  cent  acetic  acid  in  place  of  7.5  grams  of  glacial 
acetic  acid  diluted  to  100  cc.  with  distilled  water.  With  these 
changes  several  experiments  were  made. 

It  was  deemed  advisable,  before  attempting  to  determine 
the  effect  of  time  of  heating,  to  develop  a  method  of  ex¬ 
traction  which  would  insure  removal  of  the  phenylhydrazine 
that  had  not  combined  with  the  cellulose.  By  heating  the 

1  Presented  at  the  Intersectional  Meeting  of  the  American  Chemical 
Society,  Syracuse,  N.  Y.,  October  19,  1928.  Communication  No.  376  from 
the  Kodak  Research  Laboratories. 

2  Nastjukoff,  Bull.  Mulhouse,  62,  493  (1892);  and  “Lehrbuch  der  Cellu- 
losechemie,"  E.  Heuser,  3rd  ed.,  p.  124. 

3  Vignon,  Compt.  rend 128,  579  (1899);  Bull.  soc.  chim.,  [3]  21,  60 
(1899). 

*  Knecht,  Melliands*  Textilber .,  6,  507  (1925). 


cellulose  for  a  short  period  with  an  excess  of  phenylhydrazine 
acetate,  removing  the  major  portion  of  such  excess  by  washing 
on  a  filter  with  50  to  100  cc.  95  per  cent  ethyl  alcohol,  and 
subjecting  to  extraction  in  a  Soxhlet  extractor,  a  point  was 
reached  wThere  the  extract  was  colorless.  The  time  of  ex¬ 
traction  differed  with  various  materials  as  well  as  with  the 
tightness  with  which  it  was  packed  in  the  extraction  thimble, 
but  the  period  required  was  usually  between  4  and  8  hours. 
After  the  extract  had  become  colorless,  the  alcohol  was 
changed  and  the  material  was  extracted  for  1/2  to  3A  hour 
with  fresh  alcohol  which  was  examined  for  color;  if  colorless, 
the  extraction  was  discontinued.  The  efficiency  of  this  pro¬ 
cedure  may  be  appreciated  by  noting  two  runs  in  one  of 
which  extraction  was  continued  for  4.5  hours  and  in  the  other 
7.5  hours;  the  nitrogen  values  were  0.73  per  cent  for  the 
former  and  0.75  per  cent  for  the  latter,  which  is  within  the- 
experimental  error. 

In  the  matter  of  heating  the  materials  it  was  thought  pref¬ 
erable  to  use  a  ring-necked  flask  instead  of  the  Erlenmeyer 
designated  by  Vignon.  The  flask  was  placed  in  the  steam 
bath  in  such  a  position  that  it  was  surrounded  by  steam  above 
the  level  of  the  liquid.  It  is  believed  that  in  this  way  more 
uniform  heating  was  attained. 

Effect  of  Time  of  Heating 

With  the  changes  described  above  the  effect  of  time  of 
heating  on  the  amount  of  phenylhydrazine  combining  with 
the  cellulose  was  studied. 

Five  grams  of  cellulose,  in  the  form  of  sulfite  pulp  which  had 
been  degraded  by  the  action  of  nitric  acid,  were  used.  The 
samples  were  dried  at  105°  C.  for  16  hours,  weighed  to  the 
nearest  decigram,  and  placed  in  a  500-cc.  ring-necked  flask. 
A  solution  consisting  of  15  cc.  of  phenylhydrazine  (E.  K. 
White  Label)  and  100  cc.  of  10  per  cent  acetic  acid,  prepared 
by  diluting  glacial  acetic  acid  99.7+  per  cent  with  distilled 
water,  was  added.  The  flask  was  equipped  with  a  reflux 
condenser  and  immersed  below  the  level  of  the  liquid  in  a 
steam  bath.  After  heating,  the  contents  were  filtered  by 
gravity  and  the  excess  of  phenylhydrazine  acetate  was  re¬ 
moved  by  washing  with  50  to  100  cc.  of  95  per  cent  ethyl 
alcohol.  The  cellulose  was  then  transferred  to  a  Soxhlet 
extractor,  where  it  was  extracted  until  the  returning  liquid 
was  colorless.  The  alcohol  was  then  changed  and  extraction 
was  continued  for  y2  to  3/4  hour  longer.  The  nitrogen  con¬ 
tent  was  then  determined. 

The  effect  of  time  of  heating  on  the  phenylhydrazine  com¬ 
bined,  as  indicated  by  the  nitrogen  content  of  the  products, 
is  given  in  Table  I. 

Table  I — Nitrogen  Content  of  Treated  Sulfite  Pulp  Heated  with 
Phenylhydrazine  Acetate 

Time  op  Heating  Nitrogen  Content  op  Product 

Hours  Per  cent 

0.5  0.49 

3.0  0.61 

16.0  0.75 

46.0  0.73 

From  the  data  it  is  seen  that  heating  for  a  period  longer 
than  16  hours  apparently  does  not  increase  the  nitrogen  con¬ 
tent.  This  period  was  accordingly  used  in  later  experiments. 
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Values  for  Standard  Cellulose 


By  the  method  described  above,  two  experiments  were 
carried  out  using  standard  cellulose  prepared  according  to  the 
method  of  Corey  and  Gray.5  The  nitrogen  contents  were 
0.03  and  0.06  per  cent,  which  is  considered  as  satisfactory 
agreement  for  values  of  such  low  magnitude.  This  material 
apparently  contains  an  exceedingly  small  amount  of  material 
which  reacts  with  phenylhydrazine  acetate. 

Miscellaneous  Materials 


Various  other  materials  were  subjected  to  the  same  pro¬ 
cedure.  The  results  are  given  in  Table  II. 

Table  II — Nitrogen  Content  of  Various  Cellulose  Materials  after 
Phenylhydrazine  Treatment 

Number  Material  Nitrogen  Content  of  Product 

I  II  Av. 


Per  cent  Per  cent  Per  cent 


1 

Sulfite  pulp  treated  with  nitric  acid 

0.74 

0.72 

0.73 

2 

Hydrocellulose  A 

0.08 

0.09 

0.08 

3 

Hydrocellulose  B 

0.22 

0.23 

0.23 

4 

Crude  linters,  1%  NaOH  hot, 
followed  by  nitric  add 

0.39 

0.40 

0.40 

5 

Linters,  mercerized,  treated  with 
nitric  add 

0.51 

0.52 

0.52 

6 

Hydrocellulose  C 

0.19 

0. 19 

0.19 

7 

Hydrocellulose  D 

0.22 

0.24 

0.23 

8 

Crude  linters,  hot  1%  NaOH 

0.04 

0.02 

0.03 

9 

Standard  cellulose 

0.03 

0.06 

0.04 

Comparison  with  Copper  Number  Values 

Since  the  copper  number  is  also  used  as  a  criterion  of  the 
degree  of  degradation,  it  was  thought  of  interest  to  draw  a 
comparison  between  these  values  and  the  nitrogen  contents 
of  the  same  materials  after  treatment  with  phenylhydrazine. 

The  copper  numbers  given  in  Table  III  were  determined 
according  to  the  method  of  Staud  and  Gray.6 

Table  III — Comparison  of  Copper  Numbers  with  Nitrogen  Content 
after  Treatment  with  Phenylhydrazine 


Copper  Number - . 


Number® 

i 

II 

Av. 

Nitrogen  Content 
Per  cent 

1 

9.55 

9.30 

9.42 

0.73 

2 

2.3 

2.0 

2.15 

0.08 

3 

2.1 

2.2 

2.10 

0.23 

4 

6. 57 

6.10 

6.33 

0.40 

5 

14.10 

13.59 

13.84 

0.52 

6 

4.26 

3.97 

4.12 

0.19 

7 

3.20 

3.14 

3.17 

0.22 

8 

0.024 

0.018 

0.021 

0.03 

9  0.005  0.006 

a  Numbers  refer  to  samples  listed  in 

0.005 
Table  II. 

0.04 

6  Corey  and  Gray,  Ind.  Eng.  Chem.,  16,  1130  (1924). 
«  Staud  and  Gray,  Ibid.,  17,  741  (1925). 


There  appears  to  be  a  general  trend  of  agreement  in  that 
high  copper  numbers  are  associated  with  high  nitrogen  con¬ 
tent. 

In  another  paper  Gray  and  Staud7  have  shown  that  the 
copper  number  of  cellulose  depends  to  a  great  extent  upon  the 
character  of  the  surface  of  the  material  upon  which  the  copper 
number  is  being  determined.  This  may  account  for  some  of 
the  apparent  failure  in  correspondence  between  copper  num¬ 
ber  and  nitrogen  content.  In  the  same  paper  data  are  given 
which  indicate  that  alkali  has  the  property  of  destroying  or 
converting  to  an  inactive  form  the  reducing  substances  in 
cellulose  which  give  rise  to  the  copper  number.  In  this  con¬ 
nection  attention  is  drawn  to  the  results  of  Number  8,  in 
which  crude  linters  were  treated  with  hot  1  per  cent  sodium 
hydroxide.  The  copper  number  is  low,  as  is  also  the  nitrogen 
content.  Although  it  is  impossible  to  theorize  from  one 
example,  the  result  appears  significant. 

Altogether  the  results  obtained  by  the  action  of  phenyl¬ 
hydrazine  acetate  on  cellulose  appear  more  trustworthy  than 
the  copper  number  values.  In  Numbers  2  and  3  the  same 
linters  were  treated  for  equal  intervals  of  time  with  identical 
mineral  acid  solutions.  The  temperature  employed  in  the 
former,  however,  was  50°  C.,  whereas  the  latter  was  heated  to 
70  °  C.  The  copper  numbers  of  the  two  samples  are  the  same, 
within  experimental  error.  The  nitrogen  value  for  the  sample 
heated  at  the  lower  temperature  was  0.08  per  cent,  while  that 
heated  at  the  higher  temperature  had  a  nitrogen  content  of 
0.23  per  cent. 

Modified  Devarda  Method  for  Determination  of  Nitrogen 
in  Cellulose  and  Cellulose  Nitrate 

Weigh  out  from  0.5  to  2  grams  (depending  upon  the  estimated 
nitrogen  content).  Make  moisture  determinations  on  separate 
samples.  Place  the  samples  in  an  Erlenmeyer  flask  (750  cc.) 
and  heat  on  the  steam  bath  for  about  45  minutes  with  2  to  3  cc. 
ethyl  alcohol,  30  cc.  of  12  per  cent  hydrogen  peroxide,  50  cc. 
of  sodium  hydroxide  solution  ( d  =  1.31),  and  about  50  cc.  of 
distilled  water.  After  removal  from  water  bath  allow  to  stand 
for  1  to  2  hours  and  then  heat  with  open  flame  for  a  few  minutes, 
to  break  down  hydrogen  peroxide,  and  finally  cool. 

Fit  the  flasks  with  a  distilling  head  and  condenser  leading  into 
a  flask  containing  a  measured  amount  of  standard  0.1  N  hydro¬ 
chloric  acid.  Then  add  quickly  5  cc.  of  ethyl  alcohol  and  2.5 
grams  of  Devarda  alloy  and  after  the  first  vigorous  reaction  has 
subsided  start  distilling  and  distil  until  most  of  the  liquid  has  been 
distilled  over  into  the  hydrochloric  acid  solution.  Titrate  the 
excess  hydrochloric  acid  with  standard  0.1  N  sodium  hydroxide 
and  calculate  the  results. 

7  Gray  and  Staud,  Ind.  Eng.  Chem.,  19,  854  (1927). 


Laboratory  Method  for  Measuring  Relative  Adhesive 

Qualities  of  Fungicidal  Dusts' 

Robert  C.  Williams 

Ohio  Agricultural  Experiment  Station,  Wooster,  Ohio 


IT  IS  of  considerable  importance  to  be  able  to  evaluate 
relative  adhesive  qualities  of  fungicidal  dusts.  Other 
things  being  equal,  the  dust  which  adheres  best  to  foliage 
will  function  most  efficiently  over  a  period  of  time.  Long- 
drawn-out  field  tests,  which  require  the  greater  part  of  a 
growing  season,  are  at  best  scarcely  equal  as  a  measure  to  a 
simplified  laboratory  method. 

The  following  method  was  used  to  test  sulfur  dusts,  many 
of  which  contained  small  percentages  of  inert  or  adhesive  in¬ 
gredients  or  added  toxic  substances. 

A  convenient  number,  eight  or  ten,  of  weighed  shellacked 

1  Received  December  26,  1928. 


microscope  slides  were  placed  under  a  bell  jar.  The  dust  was 
introduced  through  a  glass  tube  in  the  top  of  the  bell  jar  by 
means  of  a  test-tube  atomizer.  Various  quantities  were  used 
and  were  calculated  to  give  deposits  ranging  from  0.001  to 
0.01  gram  per  slide.  The  glass  tube  in  the  top  of  the  bell  jar 
had  a  somewhat  upturned  tip,  so  as  to  cause  a  more  uniform 
distribution  of  dust  particles  and  to  divert  lumpy  particles 
from  striking  the  slides.  The  tube  was  held  in  place  by  a  cork 
stopper  which  had  an  opening  to  allow  the  escape  of  the  air 
blown  in .  Compressed  air  forced  the  contents  of  the  atomizer 
into  the  jar. 

After  the  dust  had  settled,  the  slides  were  weighed  indi- 


82 


ANALYTICAL  EDITION 


Vol.  1,  No.  2 


vidually  to  determine  the  amount  of  dust  on  each.  They 
were  moistened  by  holding  them  in  a  jet  of  condensed  steam 
and  then  dried  in  the  open.  Without  this  treatment  all 
dusts  were  subsequently  washed  off  almost  completely  instead 
of  partly  as  desired.  The  moistening  might  be  looked  upon 
as  comparable  to  dew  under  field  conditions.  Tests  without 
dust  upon  the  slides  showed  no  appreciable  effect  on  the 
shellac  provided  they  were  not  held  in  the  hot  part  of  the 
condensing  steam  jet. 

The  slides  were  next  dipped  individually  ten  times,  five 
times  from  each  end  using  forceps,  into  a  beaker  of  water 
which  was  a  little  deeper  than  the  full  length  of  the  slide. 
This  washing  action  removed  quantities  of  dust  from  the 
slides  which  varied  from  10  to  50  per  cent  of  the  dust  applied, 
depending  on  the  kind  and  amount  used.  Individual  varia¬ 
tions  for  a  given  grade  of  sulfur  dust  were  rarely  more  than 
5  per  cent.  The  slides  were  then  dried  either  in  a  desiccator 
or  in  the  open  and  weighed  to  determine  the  loss.  Blanks 
subjected  to  the  same  treatment  showed  no  appreciable 
change  in  weight.  The  aggregate  washings  of  ten  slides  con¬ 
taining  the  same  kind  of  dust  were  analyzed  by  filtering,  dry¬ 
ing  the  residue,  and  isolating  the  sulfur  by  dissolving  it  in 
carbon  tetrachloride.  This  analysis  indicated  the  part  played 
by  added  ingredients. 

The  shellac  surface  (ordinary  commercial  white  shellac 
dissolved  in  methanol)  was  chosen  rather  than  the  plain  glass 
surface  itself  or  a  variety  of  other  surfacing  substances  tried 
because  it  emphasized  differences  in  the  adhering  qualities,  is 
insoluble  in  water,  and  quite  approximates  the  character  of 
foliage  surfaces  in  that  it  acts  similarly  when  wet. 

A  similar  series  of  experiments  was  carried  out  using  apple 
leaves,  instead  of  slides,  which  were  cut  to  a  definite  size 
(2  by  1  inch).  They  were  treated  in  the  same  way  except 
that  the  leaves  were  not  weighed.  The  aggregate  washings 
from  each  sample  were  weighed  and  analyzed.  The  amount 
of  dust  used  in  these  experiments  was  approximately  the 
same  per  unit  area  as  that  used  previously. 


Results 

The  results  are  in  good  agreement  with  regard  to  rating 
dusts  in  the  order  of  adhering  values.  The  laboratory  tests 
are  also  in  accord  with  tedious  field  tests  even  though  con¬ 
ditions  of  experiment  were  at  variance. 

In  the  following  table  the  ranking  of  the  dusts  found  by  the 
laboratory  tests  is  compared  with  the  ranking  found  by  the 
field  tests.  In  each  case  the  sulfur  was  300-mesh  ground 
sulfur.  For  example,  90-10  lead  arsenate  means  90  parts  of 
300-mesh  ground  sulfur  and  10  parts  of  lead  arsenate.  The 
dusts  are  listed  according  to  their  adhesion. 

Test  Laboratory  Tests  Test  Field  Tests 

1  98  =*=  1/2-2  =*=  V2  potassium  1  98  =*=  1/r~2  ±  Va  potassium 

permanganate  permanganate 

2  or  3  100  sulfur,  300-mesh  2  100  sulfur,  300-mesh 

75—25  “Kopper’s”  process  sulfur 

4  90-10  “Manganar”  (manganese  3  or  4  75—25  “Kopper’s”  sulfur 

arsenate)  90—10  “Manganar” 

5  or  6  90-10  “Kopper’s”  process  sulfur  5  90-10  dry  lime-sulfur 

90-10  Bentonite  6  90—10  Bentonite 

7  90-10  lead  arsenate  7  90-10  “Kopper’s”  sulfur 

8  90-10  dry  lime— sulfur  8  90-10  lead  arsenate 

The  ranking  of  dusts  in  the  field  tests  was  determined  by 
averaging  the  results  of  the  several  separate  tests  during  the 
course  of  one  growing  season  under  various  conditions.  The 
variations  in  percentages  of  loss,  considering  the  different 
dusts,  encompassed  a  range  of  no  more  than  15  per  cent,  so  a 
single  set  of  results  was  not  very  significant.  Losses  were  in 
general  80  to  95  per  cent  of  the  dust  applied. 

The  tests  with  slides,  however,  emphasized  the  difference  in 
adhering  qualities  in  that  a  range  of  differences  of  30  to  40  per 
cent  was  encompassed,  and  the  percentages  of  loss  were 
smaller  (10  to  50  per  cent). 

The  method  is  of  greater  value  where  a  dust  is  tested  which 
is  made  up  from  the  standpoint  of  obtaining  one  which  ad¬ 
heres  well  rather  than  that  of  obtaining  one  which  is  more 
toxic. 


A  New  Automatic  Pipet1 


L.  N.  Markwood 


64  West  89th  St.,  New  York,  N.  Y. 


A  PIPET  to  deliver  an  exact  quantity  of  carbon  tetra- 
^  1  chloride  from  a  vessel  immersed  in  a  constant-tempera¬ 
ture  bath  was  vainly  sought  by  the  writer.  The  usual  form 
of  pipet  is  not  satisfactory  for  accurate  work  on  account 
of  the  error  introduced  by  the  cooling  effect  while  the  liquid 
is  being  drawn  into  the  bulb  and  during  the  time  needed 
for  adjustment  to  the  line.  Any  instrument  having  a  stop¬ 
cock  is  also  unsuitable  on  account  of  contamination  from  the 
lubricant.  The  instrument  described  here  has  neither  of 
these  disadvantages  and  was  ideally  suited  to  the  purpose  in 
hand. 

It  consists  of  two  parts — (1)  the  bulb  with  overflow  ar¬ 
rangement,  and  (2)  the  valve  rod  which  is  ground  in  at  the 
exit  orifice  to  make  a  liquid-tight  seal.  In  operation,  the 
bulb  is  lowered  into  the  liquid,  the  rod  being  out,  until  the 
level  a  is  reached  or  exceeded,  and  the  rod  is  dropped  in  place. 
As  the  pipet  is  raised  out  of  the  liquid,  the  surplus  discharges 
through  the  overflow  tube,  b.  The  capacity  of  the  instrument 
is  the  volume  contained  between  the  points  a  and  c,  minus  the 
volume  of  the  rod  between  those  points.  To  deliver  the 
contents  the  rod  is  simply  lifted. 

An  instrument  of  this  type  was  tested  for  constancy  of 
delivery  with  the  following  results: 

1  Received  February  8,  1929. 


Average 

Deviation 


Weight  of  Liquid  Delivered  at  30°  C. 


Carbon  tetrachloride 

Water 

Grams 

Grams 

76.50 

48.49 

76.53 

48.46 

76.52 

48.49 

76.52 

48.47 

76.51 

48.46 

76.52 

76.52 

76.52 

48.47 

=*=  0.02 

=i=  0.02 

These  data  show  that  the  delivery  is  quite  con¬ 
stant. 

The  obvious  advantage  of  this  instrument  is 
that  it  automatically  takes  up  and  delivers  a  defi¬ 
nite  volume  of  liquid  with  a  high  degree  of  ac¬ 
curacy.  The  personal  factor  is  entirely  elimi¬ 
nated  as  there  is  no  adjustment  to  a  fixed  line,  and 
this  fact  is  especially  appreciated  in  routine  work 
where  a  given  volume  is  repeatedly  required.  In 
addition,  the  sanitary  aspect  is  important,  as  it  is 
undesirable  to  draw  up  many  types  of  liquids  by 
mouth. 

The  writer  believes  this  instrument  may  have 
application  in  other  fields  and  welcomes  sugges¬ 
tions  for  its  further  use.  Patent  protection  has 
been  applied  for. 
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Studies  of  Destructive  Light  Sources  for  Use  in 
Accelerated  Weathering  Systems' 

F.  C.  Schmutz  and  D.  L.  Gamble 


The  New  Jersey  Zinc  Company,  Palmerton,  Pa. 


AS  INDICATED  by 
previously  published 
work,2-3  the  applica¬ 
tion  in  accelerated  weather¬ 
ing  systems  of  moisture 
(humidity  and  rain),  tempera¬ 
ture  changes,  and  treated  at¬ 
mospheres  (carbon  dioxide, 
sulfur  dioxide,  oxygen,  and 
ozone)  has  advanced  further 
than  the  perfection  of  destruc¬ 
tive  light  sources.  Improve¬ 
ment  in  the  latter  is  essential 
for  a  satisfactory  correlation 
of  results,  and  would  prove 
valuable  also  in  the  allied  sub¬ 
ject  of  fading  and  color  test¬ 
ing.  The  two  light  sources 
generally  used  are  the  flaming 
arc,  with  pure  carbon  elec¬ 
trodes,  and  the  quartz  mer¬ 
cury  arc. 

With  the  introduction  into 
therapeutics  of  the  impreg¬ 
nated  carbon  electrode  there  has  become  available  a  light 
source  whose  spectral  characteristics  can  readily  be  controlled. 
A  correlated  study  of  reactions  induced  by  these  impregnated 
carbons  and  other  light  sources,  as  well  as  sunlight,  would 
prove  worth  while. 

Carbon  Arc  Studies  and  Comparison  of  Results  with  Those 
of  Mercury  Arc  and  Sunlight 

To  obtain  a  satisfactory  means  of  measuring  the  various 
reactions  is  one  of  the  greatest  difficulties  encountered  in  a 
subject  such  as  weathering.  The  action  of  the  various  light 
sources  was  compared  by  means  of  a  modification  of  the 
method  generally  used  for  testing  the  light  resistance  of 
pigments.4  Owing  to  the  sensitivity  of  nitrocellulose  films 
to  the  ultra-violet,  a  clear  lacquer  was  substituted  in  the 
test  for  the  usual  China  wood  oil  vehicle.  It  was  so  formu¬ 
lated  that  with  the  addition  of  a  pigment  it  became  a  finished 
lacquer.  The  pigment-vehicle  ratios  were  varied  so  that 
approximately  a  uniform  consistency  was  obtained  for  all  the 
tests.  The  lacquers,  spread  on  white  porcelain  palettes, 
were  heated  for  30  minutes  at  50°  C.  before  exposing.  To 
avoid  temperature  effects,  the  palettes  were  mounted  2  feet 
(61  cm.)  from  the  light  source.  To  insure  a  definite  high 
humidity  the  test  surfaces  during  exposure  were  saturated 
with  cold  running  water.  Four  experimental  lithopones 
(IT,  X,  Y,  and  Z)  with  different  degrees  of  light  resistance 
were  prepared  for  this  investigation. 

Exposures  under  Carbon  and  Mercury  Arcs — -Six 
impregnated  carbons  were  selected5  which  were  known  to 

1  Presented  before  the  Division  of  Paint  and  Varnish  Chemistry  at 
the  76th  Meeting  of  the  American  Chemical  Society,  Swampscott,  Mass., 
September  10  to  14,  1928. 

2  Nelson  and  Schmutz,  Proc.  Am.  Soc.  Testing  Materials,  24,  920  (1924), 
*  Nelson  and  Schmutz,  Ind.  Eng.  Chem.,  18,  1222  (1926). 

4  Breyer,  Nelson,  and  Farber  in  paper  by  Gardner  and  Holt,  Paint 
Mfrs \  Assocn.  U .  S.t  Tech.  Circ.  194. 

6  Obtained  from  National  Carbon  Co.,  Cleveland,  Ohio. 


As  part  of  the  general  problem  of  developing  a  more 
satisfactory  destructive  light  source  for  use  in  ac¬ 
celerated  fading  and  weathering  test  systems,  the  rela¬ 
tive  darkening  tendencies  of  a  series  of  lithopones 
are  shown  as  obtained  under  (1)  the  carbon  arc,  using 
impregnated  carbons;  (2)  the  mercury  arc;  and  (3) 
sunlight.  A  relationship  is  noted  between  the  spectral 
characteristics  of  the  light  source  used  and  the  different 
degrees  of  darkening  developed.  The  difficulty  of  estab¬ 
lishing  a  so-called  standard  sunlight  exposure  is  quite 
evident. 

A  filter  of  ultra-violet  transmitting  glass  around  the 
mercury  burner  to  eliminate  the  very  short  wave 
lengths  gives  promising  results. 

Mercury  arc  lamps  are  being  built  of  a  less  highly 
fused  quartz  than  is  normally  used.  The  running 
characteristics  of  these  are  detailed.  Measurements  of 
the  changes  during  service  in  the  spectral  distribution 
of  the  energy  emitted  indicate  that  a  wattage  control 
scheme  is  applicable  for  maintaining  a  constant  total 
intensity. 

An  automatic  starting  mercury  burner  of  simple 
design  is  shown. 


have  well-distributed  spectral 
sections  of  maximum  in¬ 
tensity,  particularly  in  the 
violet  and  ultra-violet.  The 
experimental  work  included  a 
comparison  of  these  arcs  with 

(1)  the  regular  untreated  car¬ 
bon  arc;  (2)  the  6-inch  (15- 
cm.),  clear-quartz,  vertical 
Cooper-Hewitt  mercury  arc; 
and  (3)  the  so-called  special 
mercury  arc,  which  will  be 
described  later. 

Carbon  arcs  used  for 
weathering  and  fading  test 
purposes  generally  are  run  at 
10  to  15  amperes,  using  13 
mm.  diameter  electrodes. 
Since  changes  occurred  too 
slowly,  30  amperes  were  used 
for  all  the  tests.  This  is  the 
maximum  load  which  13-mm. 
carbons  will  satisfactorily 
carry.  An  ordinary  auto¬ 
matic  feed  mounting  was  used  giving  an  arc  approximately 
1.5  inches  (3.8  cm.).  No  globe  surrounded  the  arc.  From  a 
photographic  record  of  the  results  the  chart  as  shown  in 
Section  I,  Figure  1,  was  assembled. 

The  color  tone  of  the  darkening  under  any  one  type  of  light 
was  approximately  the  same,  but  it  varied  under  the  differ¬ 
ent  ones  and  ranged  from  pure  gray  to  a  distinct  yellow. 

An  analysis  of  the  results  readily  permits  three  classifi¬ 
cations: 

(1)  Exposures  which  cause  equal  darkening  on  W  and  X 
and  considerably  more  on  Z  (Y  was  not  affected  in  any  case). 

(2)  Those  which  cause  X  and  Z  to  darken  equally  and  W 
less. 

(3)  Those  which  cause  W,  X,  and  Z  to  darken  different  de¬ 
grees,  in  the  order  named,  with  Z  in  every  case  most  pronounced. 

Table  I  is  a  grouping  of  the  light  sources  according  to  the 
three  classes  of  results. 


Eight  Source 


Table  I — Grouping  of  Light  Sources 

Sections  of  Spectrum  Intensified 


Tone  of 
Darkening 


GROUP  1 - W  AND  X  ABOUT  EQUAL  WITH  Z  WORSE 

Carbon  B  2300  to  3000  A.  Gray 

Carbon  K  Extreme  ultra-violet  particularly  about  Gray 

2500  A.  and  below 

Near  and  far  ultra-violet,  particularly  Gray 
about  the  2536  A.  line 


6-inch  vertical 
Cooper-Hewitt 
clear  quartz  arc 

10-inch  vertical  Near  and  far  ultra-violet,  but  consider-  Gray 
special  arc  ably  weaker  in  far  section  than  the 

previous  light 

GROUP  2 - X  AND  2  ABOUT  EQUAL  AND  W  CONSIDERABLY  LESS 

Carbon  D  Infra-red  and  near  ultra-violet  (3500  to  Yellow 

4200  A.) 

Carbon  E  Visible  red  and  to  a  less  extent  in  the  Yellow 

near  ultra-violet  to  3300  A. 

Carbon  H  Visible  red  and  green  and  to  a  less  extent  Yellow 

in  the  near  ultra-violet  to  3200  A. 

Untreated  carbons  Mainly  in  the  near  ultra-violet  to  3500  Yellow 
A.  shading  off  gradually  to  3200  A. 

GROUP  3 — W,  X,  AND  2  OF  DIFFERENT  DEGREES  IN  ORDER  NAMED,  Z  WORSE 

Carbon  A  Infra-red,  visible  and  to  a  less  extent  in  Yellowish 

the  ultra-violet  to  2900  A.  gray 
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Section  I — Comparison  of  Exposures  under  the  Carbon  and  Mercury  Arcs 


Light  Source 

Carbon  A 

Carbon  B 

Carbon  D 

Carbon  E 

Carbon  H 

Carbon  K 

Untreated  carbon 

•6-Inch  vertical  clear-quartz 
mercury  arc 

10-Inch  vertical  special 
mercury  arc 


Expo¬ 

sure 

Min. 

20 


20 


20 


20 


20 


20 


40 

20 

20 


Tone  op 
Darkened 

Sections  Sample  W  Sample  X  Sample  Y  Sample  Z 


Yellow- 

gray 

Gray 

Yellow 

Yellow 

Yellow 

Gray 

Yellow 

Gray 

Gray 


Section  II — Comparison  of  Sunlight  Exposures 


Sunlight  before  8  A.  M. 
Eastern  Standard  Time 


Sunlight  about  10  A.  M.,  E- S.  T.  20 


Sunlight  at  noon,  E.  S.  T.  20 


Section  III — Comparison  of  Exposures  under  Filtered  Mercury  Arc  and  Sunlight 


Mercury  arc  with  glass  B  filter  40 

Sunlight  about  10  a.m.,  E.S.  T.  20 


- ir 

L  It 

HB 

E3 

Figure  1 


As  has  been  anticipated,  because  of  the  predominance  of 
the  ultra-violet,  Group  1  showed  the  severest  darkening. 
The  difference  between  W  and  X  (as  a  group)  and  Z,  with 
carbon  K  and  the  6-inch,  clear-quartz  mercury  arc  was  not 
very  marked.  This  may  be  due  to  the  strength  of  the  far 
ultra-violet,  particularly  about  2500  A. 

The  changes  in  Group  2  were  least,  especially  with  the 
untreated  carbons  which  needed  a  40-minute  exposure. 
Carbons  D,  E,  and  H,  with  different  distributions  of  maxi¬ 
mum  energy  in  the  infra-red  and  visible,  and  the  untreated 
carbons,  relatively  weak  in  these  regions,  produced  results  of 
the  same  order.  Thus  changes  as  noted  must  be  attributed 
to  whatever  violet  and  ultra-violet  is  present  down  to  3200  A. 

Carbon  A,  Group  3,  covers,  in  addition  to  the  spectral 
regions  emphasizedo  by  the  light  sources  of  Group  2,  the 
section  2900-3200  A.  A  spectroscopic  examination  of  this 
section  showed  that  most  of  the  intensity  was  concentrated 
about  3200  A.  and  that  the  lines  and  bands  faded  out  as 

o 

2900  A.  was  approached.  The  increased  darkening  under  this 
carbon  as  compared  with  Group  2,  and  particularly  the 
marked  increase  of  sample  Z,  omust  be  due  to  the  intensi¬ 
fication  in  the  vicinity  of  3200  A. 

To  summarize: 

(1)  Intensification  of  the  infra-red  and  visible  has  but  little 
influence. 

(2)  Intensification  between  3200  and  4200  A.  has  an  equal 
effect  on  both  X  and  Z,  weaker  at  the  longer  wave  lengths 
but  with  increasing  intensity  toward  the  shorter.  W  shows 
practically  no  response. 

(3)  Intensification  between  3000  and  3200  A.  makes  Z  more 
sensitive  than  X  and  affects  W  also  to  a  noticeable  extent. 

(4)  Intensification  below  3000  A.  causes  W,  X,  and  Z  all 
to  show  up  poorly.  The  darkening  on  W  and  X  are  equal,  and 
on  Z  more  pronounced.  With  the  far  ultra-violet  (2500  A.) 
also  included  in  the  energy  increase,  the  differences  in  darkening 
become  less  marked. 
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Sunlight  Exposures — Sunlight  is  the  ultimate  criterion  of 
comparison.  Preliminary  data  obtained  during  November, 
1927,  proved  rather  unreliable  because  of  poor  weather 
conditions.  The  tests  were  repeated  in  August,  1928.  Sec¬ 
tion  II  of  Figure  1  is  a  comparison  of  results  obtained  between 
sunrise  and  noon.  The  results  between  noon  and  sunset 
agreed  with  these. 

The  extent  of  the  variation  in  results  for  different  hours  of 
the  day  is  rather  surprising.  The  early  morning  results  are 
similar  to  the  darkening  obtained  in  Group  2,  Table  I;  those 
of  the  middle  of  the  morning  approach  Group  3,  and  those 
over  the  noon,  Group  1. 

According  to  experiments  by  Dorno  at  Davos,  Switzer¬ 
land,6  the  variation  in  the  solar  ultra-violet  (2900-3100  A.) 
for  different  hours  of  the  day  in  the  summer  time  is  very 
great.  At  the  particular  location  of  Davos  the  extremes  for 
July  15  are  from  200  arbitrary  units  before  7  a.  m.  to  1150 
units  a  little  before  noon.  For  January  15  these  figures  be¬ 
came  less  than  100  arbitrary  units  for  10  a.  m.  and  about  200 
units  for  just  past  noon.  At  the  altitude  of  Palmerton  these 
summer  extremes  would  not  be  so  great;  nevertheless  they 
must  be  sufficient  to  account  for  the  variations  observed. 
At  no  time  in  November  were  results  obtainable  of  the  type 
produced  at  noon  in  August  or  as  under  Group  1,  Table  I. 
Of  the  four  light  sources  in  Group  1,  carbon  B  and  the  10- 
inch  special  mercury  arc  both  have  the  lesser  amounts  of 
energy  in  the  far  ultra-violet.  Results  under  these  agree 
well  with  sunlight  at  noon.  The  10  a.  m.  results  are  most 
closely  approximated  by  carbon  A,  those  of  the  early  morning, 
by  the  untreated  carbons. 

It  seems  evident  that  in  our  continued  endeavor  to  simu¬ 
late  June  noon  sunlight  as  the  ideal  destructive  light  source 
we  may  be  attempting  to  standardize  upon  a  natural  con¬ 
dition  not  sufficiently  prevalent  over  the  whole  year.  Thus 
deteriorations  occurring  under  the  ideal  light  source  are  not 
likely  to  be  in  harmony  with  those  occurring  under  outdoor 
exposures  over  the  year  as  a  whole. 

Modification  of  Mercury  Arc 

Because  of  the  excessive  heat  generated,  the  carbon  arc 
at  30  amperes  has  not  been  successfully  operated  in  a  closed 
exposure  system,  as  used  in  the  writers’  laboratory,2  without 
elaborate  cooling  arrangements.  Hence,  the  mercury  arc  is 
more  conveniently  applied,  but  from  a  spectral  viewpoint 
a  decrease  in  the  far  ultra-violet  is  essential  for  this  light 
source.  Recent  developments  in  ultra-violet  transmitting 
glasses  suggest  a  means  of  accomplishing  this  improvement, 
but  such  a  glass,  as  a  filter,  must  maintain  constant  trans¬ 
mission  characteristics  while  in  service.  To  determine  this 
property  ultra-violet  light  exposures  both  at  60°  and  500°  C. 
(approximately  the  temperature  of  the  mercury  arc)  were 
run  upon  three  makes  of  glass.  These  had  an  original  trans¬ 
mission  limit  of  about  2600  A.  The  results  are  briefly  sum¬ 
marized  in  Table  II. 


Table  II — Lower  Limit  of  Transmission" 


Ultra-Violet  Light  Exposure 


Hours 

°  C. 

Unexposed 

77 

60 

149 

60 

72 

500 

149 

500 

Glass  A  Glass  B  Glass  C 

A.  A.  A. 

2580  2600  2690 

2700  2710  2700 

2700 

2490  2560  2690 

2490 


°  Measurements  by  C.  C.  Nitchie,  of  this  laboratory. 


The  luminous  section  of  the  mercury  arc  was  next  enclosed 
in  a  tube  of  glass  CP  Darkening  tests  were  similar  to  sun¬ 
light  results  (Section  III,  Figure  1).  The  rate  of  darkening 

6  Dorno,  “Physik  der  Sonner  und  Himmelstrahlung;”  also  Clark, 
“Lighting  in  Relation  to  Public  Health,”  p.  154,  Williams  &  Wilkins,  1924. 

7  Obtained  through  the  cooperation  of  Corning  Glass  Co.,  Corning, 
N.  Y. 
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was  very  slow — about  on  a  par  with  the  untreated  carbon 
arc.  Measurements  show  that  a  reduction  in  thickness  mark¬ 
edly  increases  the  percentage  of  energy  transmitted  by 
glass  C,  particularly  between  2900  and  3200  A.  (Table  III). 
Thus  a  decrease  in  the  thickness  of  the  tube  wall  would 
accelerate  the  light  action.  The  thickness  of  the  tube  used 
was  about  2.0  mm. 


Table  III— 

Transmission 

of  Glass  C  at 

Different 

Thicknesses 

Thickness 

2900  A. 

3000  A. 

3100  A. 

3200  A. 

Mm. 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

4.95 

1 

8.5 

30 

42 

2.06 

4.5 

28.0 

59 

70 

It  would  be  necessary  to  reenforce  the  ends  of  the  thinner 
tubes  with  metal  to  guard  against  breakage. 

Accelerated  weathering  exposures  were  run  upon  house 
paints,  using  in  the  one  case  the  unfiltered  arc  and  in  the 
other  the  glass  filter,  keeping  the  other  weathering  factors 
the  same.  After  21  days  the  test  surfaces  under  the  first 
light  showed  heavy  chalking  without  pronounced  checking, 
while  under  the  modified  light  they  showed  much  less  chalking 
with  more  checking.  Since  the  possibilities  of  a  filtered 
mercury-arc  light  source  are  very  promising,  it  might  prove 
feasible  to  build  the  burners  of  the  light-filtering  material. 
Experiments  along  this  line  are  now  under  way.  Globes  of 
this  type  of  glass  should  also  prove  interesting  for  the  carbon 
arc. 

Variation  in  Light  Characteristics  of  Mercury  Arc 
with  Changes  in  Design- — For  accelerated  weathering  work 
a  rugged  burner  with  a  long  luminous  tube  length  is  essential. 
It  also  had  been  thought  that  the  energy  distribution,  par¬ 
ticularly  as  applied  to  the  far  ultra-violet,  could  be  varied  by 
changes  in  design  of  the  burner.  Subsequently  there  have 
been  gradual  developments8  in  the  design  and  construction 
of  the  burners  used  in  our  accelerated  weathering  system.2 

8  In  cooperation  with  L.  J.  Buttolph,  of  Cooper-Hewitt  Electric  Co. 
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In  the  place  of  clear  quartz  generally  used  in  6-inch  burners, 
a  vitrified,  less  highly  fused,  type  (known  as  Thermal  Syn¬ 
dicate  stock  quartz)  has  been  adopted,  which  is  not  so  clear 
and  does  not  so  completely  transmit  the  far  ultra-violet. 
Being  more  rugged  and  thick,  longer  effective  luminous  tube 
lengths  can  be  built  (Table  IV). 


Table  IV — Various  Sizes  of  Burners  Now  in  Use 


Mercury  Weia  at 

Burner  Luminous  Tube  Cathode 


Length 

Internal 

Diameter 

Length 

Internal 

Diameter 

Inches 

Inches 

Inches 

Inches 

Clear  quartz 

6V2 

V* 

li  A 

1 

Special  No.  1 

IO1/2 

8/4 

2Vi 

lVi 

Special  No.  2 

193/i 

3/4 

2  3/i 

l3/i 

Special  No.  3 

29  3A 

3/4 

3i/2 

IVi 

According  to  Stockbarger, 9  “the  quartz  mercury  arc  when 
used  primarily  as  an  ultra-violet  light  source  should  have  as 
large  a  tube  diameter  as  possible,  the  arc  voltage  and  current 
should  be  as  high  as  lamp  construction  will  permit  and  the 
luminous  tube  should  be  maintained  at  a  high  temperature.” 
Temperature  measurements  (Table  V)  indicate  that  the 
longer  burners  run  at  lower  temperatures. 


Table  V — Average  Running  Temperatures  of  Luminous  Tubes 
(Middle  Section) 


Burner 

Current 

Consumed 

Temperature 

Inches 

Watts 

0  C. 

Clear  quartz 

6 

608 

485 

Special 

10 

890 

523 

Special 

20 

1056 

429 

Special 

30 

1450 

321 

This  more  than  counterbalances  any  ultra-violet  efficiency 
of  the  lamp  induced  by  the  greater  tube  diameter.  The  light 
emitted  by  these  burners  shows  a  reduction  in  the  percentage 
of  far  ultra-violet  (Table  VI). 

Note — The  results  were  obtained  by  the  thermopile  and  filter  method 
as  outlined  by  Stockbarger.  (See  footnote  9.)  The  filters  used  were  Uviol, 
G86B,  Uviol  O,  Uviol  C,  and  Wratten  filter  No.  70,  designating  the  spectral 
sections  as  indicated  in  Table  VI. 


Table  VI — Comparative  Energy  Distribution  of  Light  Emitted  by 
Various  Burners 


Burner 

1850- 
2850  A. 

2850- 
3100  A. 

3100- 
3800  A. 

3800- 
4700  A. 

4700—  6500— 

6500  A.  14,000  A. 

Inches 

% 

% 

% 

% 

% 

% 

Clear  quartz 

6 

28.0 

9.4 

22.0 

10.6 

20.8 

9.2 

Special 

20 

14.8 

10.4 

25.0 

14.8 

24.6 

10.4 

Special 

30 

12.4 

9.2 

28.0 

15.2 

26.1 

9.1 

The  light  efficiency  of  the  special  burners  decreases  with 
tube  length  (Table  VII). 


Table  VII — Light  Efficiency  of  Various  Burners  in  Terms  of  Current 

Consumed 


Burner 


Clear  quartz 

Inches 

6 

Special 

10 

Special 

20 

Special 

30 

Current 

Characteristics 


Volts 

A  mperes 

Watts 

140 

4 

560 

140 

7.5 

1050 

140 

8.5 

1190 

145 

10 

1450 

Light  Energy,  in 
Arbitrary  Units 
Per  watt 
current 

Total  consumed 


350.0  0.62 
307.0  0.29 
202.0  0.17 
148.0  0.11 


Stabilization  of  Light  during  Continued  Service 

It  is  generally  agreed  that  the  6-inch  clear-quartz  burner 
after  continued  use  changes  in  spectral  characteristics  and 
shows  a  loss  in  total  intensity  for  the  same  current  con¬ 
sumption.  A  study  was  made  covering  the  continued  running 
characteristics  of  the  special  30-inch  burner.  A  new  burner 
(No.  12,145)  run  for  1000  hours  at  the  140  volts  and  10  am¬ 
peres  showed  a  decrease  in  total  light  intensity  (Section  I, 
Figure  2,  curve  A).  On  the  basis  of  100  as  the  original  total 
intensity,  this  decreased  to  57. 

The  rearrangement  in  the  spectral  distribution  of  the 
energy  is  indicated  in  Section  II  of  the  same  figure.  The 

9  Stockbarger,  J.  Optical  Soc.  Am.,  14,  356  (1927). 
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blocks  are  graphic  comparisons  of  the  total  energy  between 
the  wave  lengths  indicated.  A  marked  change  has  occurred 
in  the  shorter  wave  lengths. 

The  wattage  consumed  by  the  lamp  can  be  increased  by 
decreasing  the  external  control  resistances.  Experiments 


EIO  vo/fD.C. 


Figure  3 — Automatic  Lighting  Mercury  Arc 
A — Plug  connector  for  ammeter  D — D.P.  switch  250  volts,  20  amp. 

B — 25-Ohm  variable  resistance  E — S.P.  snap  switch  250  volts,  20  amp. 

(280  feet  No.  12  nichrome  wire)  F — -S.P.  switch  250  volts,  10  amp. 

C — High  inductance  G — 155-Ohm  resistance,  2  amp. 

No.  12  asbestos-insulated  copper  wire  used 


were  run  to  determine  whether  a  constant  total  intensity 
could  be  maintained  by  a  wattage  increase.  Curve  B,  Sec¬ 
tion  I,  Figure  2,  indicates  the  per  cent  increase  over  the 
original  wattage  required.  As  shown  in  Section  II,  the  re¬ 


arrangement  in  energy  distribution  is  not  marked  except 
after  long  service,  when  an  actual  browning  of  the  lamp  tube 
becomes  evident.  This  browning  is  probably  due  to  a  deposi¬ 
tion  from  the  tungsten  electrodes. 

Since  simplicity  is  essential  in  any  maintenance  scheme, 
only  the  required  wattage  control  without  the  more  involved 
voltage  and  amperage  factors  was  determined.  The  lower 
original  fusion  and  running  temperature  may  account  for  the 
more  uniform  behavior  of  the  quartz  in  the  special  burner,  as 
compared  with  the  6-inch  clear-quartz  burner. 

Automatic  Lighting  Mercury  Arc 

To  eliminate  the  necessity  for  handling  the  20-  and  30-inch 
light  units  and  also  to  facilitate  developing  semi-automatic 
weathering  apparatus,  an  automatic  lighting  mercury  arc 
has  been  developed8  (Figure  3).  The  changes  are  (1)  the 
addition  of  a  positive  electrode,  I,  at  the  level  of  the  mercury 
in  the  well;  (2)  a  high-resistance,  G,  in  this  electrode  circuit; 
and  (3)  a  high  inductance,  C,  in  the  other  positive  electrode 
line.  A  slight  quiver  of  the  mercury  establishes  an  arc  be¬ 
tween  H  and  I  which  jumps  to  J,  because  of  the  resistance 
and  the  inductance.  The  circuit  through  the  auxiliary  elec¬ 
trode  can  then  be  cut. 


Coated  Spiral  Fractionating  Columns1 

Thomas  Midgley,  Jr. 


Thomas  &  Hochwalt  Laboratories,  Dayton,  Ohio 


SOME  time  ago  it  was  observed  that  a  Hempel  column 
filled  with  a  material  which  would  behave  as  a  “boiling 
stone”  in  the  liquid  being  distilled  gave  better  results 
than  did  the  customary  glass  beads.  At  that  time,  and  with¬ 
out  further  investigation,  crushed  antimony  was  selected  to 
serve  in  this  capacity,  because  of  the  ease  with  which  it  could 
be  prepared.  The  present  development  is  an  outgrowth  of 
this  earlier  observation. 


Comparative  Efficiency  of  Various  “Boiling  Stones” 

It  was  believed  that  varying  degrees  of  efficiency  might 
exist  among  different  materials  which  behave  as  “boiling 
stones.”  To  determine  this,  the  following  experiment  was 
conducted:  A  2-liter  round-bottom  flask  was  mounted  be¬ 
neath  a  reflux  condenser  and  half  filled  with  a  mixture  of 
equal  parts  of  benzene  and  toluene.  A  thermometer,  reading 
in  tenths  of  a  degree,  was  placed  in  the  liquid  and  constant 
heat  applied  to  the  flask.  After  refluxing  started,  the  tem¬ 
perature  was  observed  until  it  became  constant.  This  pro¬ 
cedure  was  repeated  with  various  materials  as  “boiling 
stones,”  with  the  following  results: 


Material 


Temperature 
°  C. 


Material 


Temperature 
°  C. 


No  boiling  stones 

94 

.0 

Crushed  antimony 

93. 

.8 

Crushed  porcelain 

92. 

.6 

Carborundum  cloth 

88 

.7 

Brass  strips 

94. 

,0 

Glass  beads 

94.0 

Steel  strips 

94.0 

Etched  brass 

94.0 

Etched  steel 

94.0 

It  is  evident  that  many  other  materials  may  well  be  in¬ 
vestigated  in  the  preceding  manner,  and  it  is  quite  likely  that 
results  superior  to  those  obtained  with  carborundum  cloth 
will  be  found. 

A  Hempel  column  was  then  filled  with  small  scrolls  of  car- 

1  Presented  before  the  Division  of  Organic  Chemistry  at  the  76th 
Meeting  of  the  American  Chemical  Society,  Swampscott,  Mass.,  September 
10  to  14,  1928. 


borundum  cloth  and  the  fractionation  of  benzene  and  toluene 
attempted.  The  results  were  quite  unsatisfactory.  It  is  be¬ 
lieved  that  this  was  due  to  the  absorption  and  holding  of  a 
large  quantity  of  liquid  by  the  cloth. 

Note— Although  it  would  appear  that  carborundum  cloth  is  of  no  value 
in  a  fractionating  column  (other  experiments  have  confirmed  this),  it  never¬ 
theless  is  a  very  useful  “boiling  stone.”  For  example,  in  a  distillation  at 
20  mm.  pressure  of  a  high-boiling,  semi-viscous  liquid,  bumping  was  entirely 
prevented  by  the  use  of  carborundum  cloth  spirals  placed  in  the  liquid, 
whereas  the  admission  of  air  through  a  capillary  had  not  given  satisfactory 
results. 

A  single  spiral  column  (Figure  1)  was  next  constructed  and 
coated  with  carborundum.  The  results  with  this  column  were 
decidedly  better  than  had  ever  been  obtained  with  either  plain 
spirals  or  Hempel 
columns.  A  multiple 
spiral  column  (Figure 
2)  was  then  constructed 
and  coated  with  car¬ 
borundum,  and  the  re¬ 
sults  were  sufficiently 
good  to  justify  compar¬ 
ative  tests.  (Figure  3) 

Single  Spiral  Column 

All  columns  were 
made  of  metal,  because 
it  may  be  fabricated 
with  greater  ease  than 
glass.  A  single  spiral 
column  (Figure  1)  is  made  in  the  following  manner:  A  piece  of 
y4-inch  brass  tubing,  of  the  desired  length  of  the  column,  has  its 
ends  closed  by  silver-soldering  brass  washers  in  place.  A  strip 
of  metal,  y8  inch  square,  is  wound  on  this  core  to  approximately 
a  1-inch  pitch  and  silver  soldered  in  place.  A  piece  of  brass 
tubing  approximately  1  inch  in  inside  diameter,  which  will 
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fit  snugly,  is  slipped  over  the  assembly  and  cut  to  length. 
Suitable  ends  are  soldered  to  the  column  to  fit  thermometers, 
condensers,  and  distilling  flask. 

Coating  with  Carborundum — The  column  is  filled  with  a 
dilute  solution  of  shellac  in  alcohol  and 
drained.  It  is  mounted  on  a  stand  and 
connected  to  a  source  of  air  saturated  with 
alcohol  by  placing  a  wash  bottle  filled  with 
alcohol  in  the  air  line.  The  air  is  turned 
on  and  blows  out  the  excess  shellac  solu¬ 
tion.  After  the  excess  shellac  solution 
has  drained  from  the  column,  a  round- 
bottom  flask  containing  60-mesh  carbo¬ 
rundum  is  placed  in  the  air  line  and  so 
connected  to  the  air  supply  that  carbo¬ 
rundum  particles  are  carried  from  it  by  the 
air  stream  to  the  column.  After  a  few 
minutes  carborundum  particles  come 
through.  The  alcohol  wash  bottle  and 
carborundum  flask  are  removed  from  the 
air  line  and  air  is  blown  through  the 

Figure  2— Multiple  column  until  the  odor  of  alcohol  almost 

Spiral  Column  ,•  e  ,, 

disappears  from  the  air  as  it  leaves  the 
column.  The  column  is  next  mounted  for  distillation  and 
benzene  distilled  through  it  until  all  traces  of  alcohol  in  the 
distillate  disappear. 

Variations  of  Construction  and  Coating — It  is  obvious 
that  a  column  using  shellac  for  a  binder  is  unsuited  to  alcohol 
distillations.  In  such  cases  a  column  using  water  glass  as  a 
binder  may  be  constructed.  It  is  obvious  also  that  for  other 
special  purposes  better  binders  may  be  selected  than  either 
shellac  or  water  glass.  It  likewise  is  apparent  that  metal 
columns  cannot  be  used  where  corrosive  materials,  such  as 
strong  acids,  are  to  be  distilled.  However,  in  the  general 
field  of  organic  research,  particularly  with  hydrocarbons 
where  maximum  efficiency  in  fractionation  is  essential,  metal 

columns  with  shellac 
binders  are  quite  ap¬ 
plicable.  It  is  sug¬ 
gested  that  a  column 
made  from  Pyrex, 
coated  with  carbo¬ 
rundum  sealed  to 
the  glass,  would 
have  a  very  wide 
application. 


Multiple  Spiral 
Column 

Multiple  spirals 
are  fabricated  in 
substantially  the 
same  manner  as 
single  spirals,  except 
that  larger  diameter  cores  are  used  and  more  than  one  spiral  is 
wound  thereon.  The  column  used  for  obtaining  the  results 
reported  in  Figure  3  consisted  of  a  3-inch  core  with  three 
parallel  spirals  wound  clockwise  on  it.  A  thin  sheet  of  copper 
covered  these  three  passages.  Three  counter-clockwise  spirals 
were  wound  upon  this,  which  in  turn  were  covered  with  sheet 
metal  and  suitable  ends  silver  soldered  in  place.  The  column 
was  coated  and  the  whole  assembly  was  insulated  with  mag¬ 
nesia  pipe  covering  and  felt,  giving  an  outside  diameter  of  6 
inches  (15  cm.). 

The  passages  of  multiple  spiral  columns  should  be  coated 
separately,  since  simultaneous  coating  fails  to  give  uniform 
results.  Separate  coating  can  be  done  with  ease  only  before 
the  end  connections  are  in  place.  The  temperature  of  silver¬ 
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Per  cent 

Figure  3 — Comparative  Distillation  Curves 


soldering  is  too  high  for  organic  binders  to  stand.  Therefore 
it  is  desirable  to  construct  multiple  columns  with  flanged  ends, 
to  which  the  end  connections  may  be  bolted  after  the  passages 
are  coated. 


Adiabatic  Coated  Spiral  Column 


The  description  so  far  covers  only  columns  designed  to  re¬ 
place  elementary  Hempels.  It  becomes  apparent  that  if 
improvements  are  made  on  the  elementary  Hempel  column 
such  improvements  can  be  incorporated  with  the  recognized 
principles  used  in  adiabatic  and  partial-condensation  columns. 

For  this  purpose  a  single  spiral  column,  4  feet  (122  cm.) 
long,  was  built  and  coated.  An  air  space  was  provided  around 
the  column  as  shown  in  Figure  4.  Ample  nichrome  heating 
coils  were  provided  around  the  air  space  and  the  assembly  was 
insulated  by  asbestos  and  felt.  A  thermometer  was  placed 
in  the  air  space  and  during  operation  was  held  in  substantial 
agreement  with  the  distillation  temperature.  The  super¬ 
structure  at  the  top  of  the  column  was  an  adaptation  of  a 
principle  of  partial  condensation  received  in  private  communi¬ 
cation  from  F.  H.  Rhodes,  of  Cornell  University. 

This  column  was 
used  for  the  separa¬ 
tion  of  hydrocarbons 
produced  in  the  de¬ 
structive  distillation 
of  rubber.  Compo¬ 
nents  boiling  within  4 
degrees  of  each  other 
were  detected  on  the 
initial  fractionation. 

Three  re-runs  wTere  re¬ 
quired  to  purify  such 
components  suffi¬ 
ciently  so  that  subse¬ 
quent  identifications 
were  made  possible. 

To  measure  the  effi¬ 
ciency  of  this  column, 

150  cc.  of  pure  ben¬ 
zene  and  150  cc.  of  pure  toluene  were  mixed  and  distilled. 
The  over-all  rate  of  delivery  was  1  cc.  per  minute.  The  dis¬ 
tillation  curve  is  shown  in  Figure  5.  Ninety-four  per  cent  of 
the  benzene  and  86  per  cent  of  the  toluene  wrere  recovered,  of 
practically  the  same  purities  as  were  the  original  materials. 
The  Engler  distillations,  specific  gravity,  and  freezing  point 
of  the  recovered  materials  are  recorded  in  Figure  6.  Figure 
7  represents  the  results  of  purifying  meta-xylene. 

Inasmuch  as  the  “residue”  from  these  columns  is  larger 
than  could  be  desired,  this  type  of  column  does  not  appear  to 
be  adaptable  for  use  in  separating  a  component  present  in 
small  quantities  (30  cc.). 


Figure  4 — Adiabatic  Coated  Spiral  Column 


Comparative  Tests  of  Fractionating  Column 

A  column  15  inches  (38  cm.)  high  was  mounted  with  the 
customary  condenser  and  thermometer  (reading  in  tenths  of  a 
degree)  on  top  of  a  500-cc.  round-bottom  flask.  Two  hundred 
cubic  centimeters  of  a  selected  commercial  benzene  (f.  p. 
+2°  C.)  were  placed  in  the  distilling  flask.  The  heating 
rate  was  adjusted  to  deliver  2  drops  per  second  from  the  con¬ 
denser.  The  condensate  was  collected  in  10-cc.  cuts  and 
freezing  points  were  determined.  At  the  end  of  the  run  the 
ten  cuts  of  highest  freezing  points  were  mixed  (in  all  cases 
this  100  cc.  represented  a  consecutively  delivered  cut),  and 
an  Engler  distillation  was  made  in  an  A.  S.  T.  M.  gasoline 
distillation  apparatus  (standard  except  that  a  tenth  of  a  de¬ 
gree  thermometer  was  used).  Four  runs  were  then  made  as 
follows: 
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Figure’S — Distillation  of  Benzene-Toluene 
Mixture  in  Coated  Spiral  Column 


Per  cent 

Figure  6 — Distillation  Data  for  Materials 
Recovered  from  Distillation  of  Benzene- 
Toluene  Mixture  in  Coated  Spiral  Column 


Figure  7 — Distillation  Data  on  Purification 
of  Meta-Xylene 


Run  1.  With  a  Hempel  column  filled  with  glass  beads. 

Run  2.  With  the  same  column  in  which  crushed  antimony- 
replaced  the  glass  beads. 

Run  3.  With  the  glass  beads  coated  in  the  following  manner: 
The  beads  were  wetted  with  a  thin  solution  of  shellac  in  alcohol 
and  after  the  shellac  had  partially  dried  the  beads  were  shaken 
with  60-mesh  carborundum.  After  further  drying  the  beads 
were  placed  in  a  round-bottom  flask,  covered  with  benzene,  and 


the  whole  distilled  until  all  evidence  of  alcohol  in  the  distillate 
had  disappeared,  after  which  the  beads  were  removed  and 
dried. 

Run  4.  In  the  coated  multiple  spiral  column,  which  was  the 
same  height  as  the  Hempel  column  previously  used. 

The  resulting  curves  of  the  Engler  distillation  are  plotted 
in  Figure  3. 


Electrically-Heated  Thermocirculator  for  Hot 

Leaching  and  Digesting1 

M.  G.  Raeder 


Norges  Tekniske  Hoiskoi,,  Institut  for  Uorganisk  Kemi,  Trondhjem,  Norway 


TOURING  laboratory  investigations  of  methods  for  leach- 
ing  certain  ores,  an  apparatus  was  wanted  permitting 
continuous  leaching  with  exceedingly  corrosive,  boding  liquids. 
For  this  work  an  all-glass  construction  as  illustrated  proved 
very  useful. 

The  apparatus,  which  is  easily  made  out  of  a  round  flask 
and  some  glass  tubing,  consists  of  a  glass  bulb  connected  with 
a  reflux  condenser  at  the  top  and  a  circulation  tube  between 
the  bottom  and  the  upper  part.  The  lower  part  of  the  tube 
is  covered,  as  the  illustration  indicates,  by  a  layer  of  asbestos 
sheet  around  which  a  nichrome  wire  is  coiled.  This  heating 
coil  is  insulated  and  protected  on  the  outside  by  mica-mantled 
asbestos  fastened  with  brass  caps  carrying  contact  screws  and 
connected  with  an  adjustable  resistance. 

For  use  the  apparatus  is  filled  with  preferably  preheated 
leaching  liquid  to  a  little  below  the  upper  opening  of  the  cir¬ 
culation  tube  and  the  current  is  switched  on.  Soon  a  local 
steam  generation  drives  the  liquid  into  the  bulb  with  con¬ 
siderable  force  and  thus  starts  a  circulation.  The  material 
to  be  leached  is  then  charged  through  the  top  opening  and 
the  condenser  replaced.  If  the  apparatus  is  of  correct  di¬ 
mensions,  the  circulation  should  not  be  continuous — as,  for 
instance,  in  an  air  lift — but  markedly  pulsating.  In  that  way 
not  only  is  the  liquid  circulated,  but — and  this  is  the  special 
feature  of  the  device — the  material  to  be  leached  is  itself 
brought  into  vigorous  circulation,  even  when  of  high  specific 

1  Received  September  8,  1928. 


gravity.  The  pulsating  motion  is  also  furthered  by  the  form 
of  the  lift  tube  indicated  in  the  illustration,  its  upper  bend  being 
somewhat  higher  than  its  opening  into  the  bulb. 

As  to  the  best  dimensions  and 
the  current  needed  no  general 
directions  can  be  given,  differ¬ 
ent  liquids  demanding  different 
working  conditions. 

The  principle  of  the  appara¬ 
tus — the  leaching  matter  itself 
being  kept  in  continuous  cir¬ 
culation — should  insure  the 
best  possible  contact  between 
liquid  and  solid  and  thus  give 
a  maximum  of  leaching  effi¬ 
ciency.  The  circulation  may 
be  carried  on  for  days  without 
loss  of  liquid  and  without 
danger  of  breakdown,  the  ap¬ 
paratus  being  entirely  free  from 
moving  parts.  The  apparatus 
needs  no  supervision  and  may 
be  left  working  during  the  night 
without  fire  hazard. 

The  apparatus  should  also  be  well  adapted  for  carrying  out 
reactions  between  immiscible  reactants  at  boiling  tempera¬ 
ture. 
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Determination  of  Free  Sulfuric  Acid  in 

Light-Oil  Sludge' 

F.  S.  Bacon2 

Arthur  D.  Little,  Inc.,  Cambridge,  Mass. 


SLUDGE  obtained  from  the  treatment  of  light  oils  con¬ 
tains  a  large  percentage  of  free  sulfuric  acid.  No  satis¬ 
factory  method  was  found  in  the  literature  for  determin¬ 
ing  the  amount  of  this  acid  in  sludge.  Such  a  method  would 
be  of  considerable  use  in  refinery  operation. 

In  the  course  of  this  work  five  different  methods  have  been 
developed,  all  of  which  give  reasonable  check  results  on  the 
sludges  tested .  Several  of  these  methods  are  open  to  obj  ections 
when  considered  in  the  light  of  information  available  in  the 
literature.  In  the  case  of  one  of  these — -namely,  that  in 
which  aniline  is  used — a  series  of  experiments  has  been  carried 
out  which  seem  to  refute  these  objections  and  to  establish  the 
validity  of  the  method.  We  appreciate  the  fact  that  check 
results  obtained  by  all  five  procedures  may  possibly  indicate 
that  some  fundamental  error  exists  in  all  of  them,  but  so  far 
none  has  been  found.  Further  work  is  contemplated,  but 
these  results  are  presented  at  this  time  in  order  to  obtain  help¬ 
ful  criticism. 

In  any  method  which  might  be  developed  it  was  considered 
necessary  to  avoid  the  presence  of  water  on  account  of  the  ease 
with  which  alkyl  sulfuric  acid  esters  were  said  to  hydrolyze. 
Work  recently  completed  at  the  Massachusetts  Institute  of 
Technology,  but  which  has  not  yet  been  published,  has  shown 
that  sulfuric  acid  esters  of  high-molecular-weight  primary 
olefins  hydrolyze  with  great  difficulty,  and  even  those  of 
secondary  olefins  but  slowly.  In  the  course  of  this  same  work 
some  evidence  was  obtained  that  sulfuric  esters  of  tertiary 
bodies  of  high  molecular  weight  were  formed  but  that  they 
hydrolyzed  instantly  on  contact  with  water.  This  hydrolysis 
is  much  slower  in  acid  solution  than  in  neutral  or  alkaline 
media.  Experiments  in  this  laboratory  have  indicated  that 
at  least  in  the  sludge  which  was  being  used,  tertiary  esters  were 
either  absent  or  the  amount  present  was  too  small  to  affect 
the  results. 

Following  are  the  various  methods  which  have  been  em¬ 
ployed: 

A — Gravimetric  determination  as  barium  sulfate. 

B  and  C — Titration  methods  in  which  the  sulfuric  acid  is  ti¬ 
trated  with  alkali,  each  under  different  conditions. 

D — A  method  in  which  the  heat  of  dilution  of  the  sludge  with 
water  is  determined  and  the  amount  of  free  sulfuric  acid  esti¬ 
mated  by  comparison  with  data  on  the  heat  of  dilution  of  pure 
sulfuric  acid. 

E— A  method  in  which  the  sludge  is  treated  with  a  boiling 
solution  of  aniline  in  chloroform  with  the  formation  of  aniline 
sulfate,  which  is  filtered  off  and  analyzed  either  for  aniline  or 
sulfuric  acid  by  titration  or  for  sulfate  by  a  gravimetric  method. 

Method  A 

In  Method  A,  a  water  extract  of  a  fresh  light-oil  sludge  is 
treated  in  the  cold  with  a  10  per  cent  barium  chloride  solution 
strongly  acidified  with  hydrochloric  acid  in  order  to  precipi¬ 
tate  all  S04  ions  as  barium  sulfate.  Just  what  happens  to 
the  alkyl  sulfuric  esters  is  problematical.  If  the  acid  esters 
are  soluble  in  water  and  do  not  hydrolyze,  then  the  determina¬ 
tion  of  the  free  sulfuric  acid  by  barium  sulfate  precipitation  is 
satisfactory.  If,  however,  they  hydrolyze  whether  soluble 

1  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  76th 
Meeting  of  the  American  Chemical  Society,  Swampscott,  Mass.,  September 
10  to  14,  1928. 

2  Present  address,  Monsanto  Chemical  Works,  Monsanto,  Ill. 


or  not,  the  results  will  be  high.  The  fact  that  the  precipita¬ 
tion  is  made  in  the  cold  and  with  acidified  barium  chloride,  so 
that  the  solution  is  always  on  the  acid  side,  tends  to  prevent  a 
rapid  hydrolysis  at  any  rate.  Also,  during  the  procedure  the 
time  for  possible  hydrolysis  is  short,  and  even  if  acid  esters  of 
moderate  molecular  weight  are  present  the  probable  hydroly¬ 
sis  is  slight.  The  literature  in  regard  to  high-molecular- 
weight  sulfuric  acid  esters  such  as  might  be  found  in  sludge  is 
practically  nil. 

Methods  B  and  G 

Methods  B  and  C  are  titration  methods  in  which  the  sulfuric 
acid  is  titrated  with  alkali  under  different  conditions.  In 
Method  B  the  sample  to  be  analyzed  is  weighed  on  a  very 
thick  mat  of  asbestos  in  a  Gooch  crucible.  Chloroform  is 
then  poured  through  this  until  the  washings  are  colorless, 
thereby  removing  the  tar  and  the  alkyl  sulfuric  esters  and 
leaving  the  sulfuric  acid  adhering  to  the  asbestos.  The  ex¬ 
cess  chloroform  in  the  asbestos  is  removed  by  gentle  suction. 
About  200-250  cc.  of  hot  water  are  then  poured  through  to 
remove  the  sulfuric  acid,  and  this  water  solution  is  titrated 
with  standard  alkali  for  the  acid  content.  Even  by  using  the 
utmost  care  to  prevent  the  acid  from  passing  through  the 
mat  with  the  chloroform,  the  results  are  invariably  low.  If 
the  chloroform  solution  is  then  titrated  and  the  results  com¬ 
bined,  they  check  reasonably  well  with  the  other  methods. 
For  convenience  this  is  called  the  isolation  method  and  is  not 
so  accurate  as  the  others.  The  alkyl  sulfuric  esters  and  neu¬ 
tral  esters  are  completely  soluble  in  chloroform,  as  will  be 
shown  later  in  this  paper. 

In  Method  C,  which  is  an  outgrowth  of  Method  B,  the 
sludge  is  thoroughly  mixed  with  chloroform  and  dumped  into 
ice  water.  It  was  observed  that,  at  least  in  the  case  of  the 
several  light-oil  sludges  available,  when  fresh  they  are  easily 
soluble  in  chloroform  or  carbon  tetrachloride,  but  on  aging 
they  become  less  and  less  soluble  in  these  solvents.  This 
difficulty  would  probably  not  be  encountered  in  refinery 
laboratories. 

The  ice-cold  solution  is  immediately  titrated  for  total  acid 
with  standard  alkali,  using  phenolphthalein  as  indicator. 
This  step  gives  the  free  sulfuric  acid  present  plus  one  unre¬ 
placed  hydrogen  ion  of  the  alkyl  sulfuric  acid.  The  neutral¬ 
ized  solution  is  then,  boiled  for  at  least  30  minutes  and  again 
titrated  with  standard  alkali.  This  second  titration  gives  the 
amount  of  alkyl  sulfuric  acids  alone,  since  one  replaceable 
hydrogen  is  freed  by  the  hydrolysis.  This  is  equivalent  to 
the  amount  originally  present  and  titrated  in  the  cold,  so  that 
the  free  sulfuric  acid  present  can  be  determined  by  subtracting 
the  hot  titration  from  the  cold.  The  amount  of  sulfuric  esters 
can  also  be  determined  by  this  method.  Certain  difficulties 
arise  with  this  procedure  owing  to  the  unknown  solubility  and 
hydrolysis  of  the  alkyl  sulfuric  acids.  If  any  of  the  esters  are 
soluble  in  water  and  hydrolyze  in  the  cold,  or  are  soluble  in  the 
chloroform  and  do  not  completely  hydrolyze  on  boiling,  or  if 
sulfonic  acids  are  present,  the  results  will  probably  be  high. 
This  method  is  therefore  open  to  criticism  but,  as  is  shown 
later,  it  worked  very  well  on  the  particular  sludge  under  in¬ 
vestigation. 
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Pilat  and  Starkel,3  after  treating  the  sludge  with  water, 
titrated  the  water  extract  for  total  acid  with  0.1  N  caustic 
soda.  They  also  made  a  gravimetric  determination  by  pre¬ 
cipitating  the  sulfate  with  barium  chloride  and  assumed  that 
the  difference  between  the  two  determinations  was  due  to 
alkyl  sulfuric  and  sulfonic  acids.  This  procedure  is  open  to 
the  same  criticism  that  was  discussed  for  Method  A,  estima¬ 
tion  of  the  acid  as  barium  sulfate — -namely,  the  possibility  of 
hydrolysis  of  the  alkyl  sulfuric  esters  present  under  the  condi¬ 
tions  of  the  procedure. 


Method  D 


Method  D  is  a  quick  method,  which  gives  a  result  accurate 
probably  within  1  per  cent  for  acid  concentrations  above 
60  per  cent.  Some  details  will  be  given  in  connection  with 
this  method,  as  it  is  not  an  ordinary  procedure. 

When  sulfuric  acid  of  various  strengths  is  mixed  with  equal 
parts  of  water,  the  temperature  rise  corresponding  to  any 
strength  of  acid  is  definite.  Plotting  this  temperature  rise 
against  the  per  cent  strength  (by  weight)  gives  a  smooth 
curve.  The  results  are  fairly  accurate  for  acids  of  more  than 
50  per  cent  strength,  but  below  that  concentration  the  nature 
of  the  curve  is  such  that  a  slight  error  due  to  radiation  or 
inaccurate  reading  of  the  final  temperature  causes  a  large  error 
in  the  acid  strength.  In  the  case  of  light-oil  sludges  the  free 
acid  may  be  less  than  50  per  cent,  but  the  strength  of  the 
aqueous  portion  is  normally  greater  than  that. 

It  was  found  that  on  dilution  the  temperature  rise  from 
any  sludge  was  definite  and  probably  depended  almost  en¬ 
tirely  on  the  heat  of  dilution  of  the  free  sulfuric  acid  present. 
On  account  of  the  large  amount  of  heat  produced  in  the  forma¬ 
tion  of  alkyl  sulfuric  acids,  it  is  reasonable  to  assume  that  on 
hydrolysis  they  will  produce  little  if  any  additional  heat,  and 
consequently  it  has  been  neglected  in  the  calculations. 

The  heat  of  dilution  of  the  sulfuric  acid  portion  and  water 
added  raises  the  temperature,  not  only  of  the  acid-water  mix¬ 
ture,  but  also  of  the  tar  present  in  the  sludge.  A  correction 
must  therefore  be  applied  to  the  observed  temperature  rise, 
which  is  the  amount  of  heat  employed  in  raising  the  tempera¬ 
ture  of  the  tar.  To  determine  this  the  following  assumptions 
are  made — namely,  that  the  tar  has  a  specific  gravity  of  0.9 
and  a  specific  heat  of  0.5,  and  also  that  the  strength  of  the 
sulfuric  acid  present  (neglecting  the  presence  of  the  tar)  is 
60  per  cent  and  therefore  after  dilution  30  per  cent.  The  fact 
that  the  strength  is  usually  somewhat  greater  than  this  intro¬ 
duces  no  appreciable  error,  for  the  increase  in  specific  gravity 
is  compensated  by  the  decrease  in  specific  heat. 

For  convenience,  the  derivation  of  the  formulas  for  deter¬ 
mining  the  actual  temperature  rise  is  given  for  both  Fahren¬ 
heit  and  Centigrade  degrees. 

To  raise  the  temperature  of  100  cc.  of  30  per  cent  acid  1  °  F., 
57.1  calories  are  required.  To  raise  the  temperature  of  X  cc. 
of  tar  1°  F.  there  are  required  X  X0. 9X0. 5X0. 55  calories, 
where  0.55  is  the  ratio  of  Fahrenheit  to  Centigrade  degrees. 
Then  if  A T0  is  the  observed  rise  in  temperature  in  degrees 
Fahrenheit,  the  corrected  rise  is 

A Te  =  AT0  |^57.1  +  (A  X  °'9  ] 


Similarly,  to  raise  the  temperature  of  100  cc.  of  30  per  cent 
acid  1  0  C.,  103.8  calories  are  required.  To  raise  the  tempera¬ 
ture  of  X  cc.  of  tar  1°  C.  there  are  required  X  X  0.9  X  0.5 
calories.  Then,  if  A T0  is  the  observed  rise  in  temperature  in 
degrees  Centigrade,  the  corrected  rise  is 


A  Tc  =  AT, 


ri03.8  +  (X  X  0.9  X  0.5)' 


L" 


103.8 


The  volume  of  tar,  X,  in  a  given  volume  of  sludge  may  be 


estimated  in  two  ways  after  a  preliminary  extraction  with 
water: 

(1)  By  dissolving  in  a  known  volume  of  carbon  tetrachloride 
or  chloroform  and  noting  the  increase  in  volume. 

(2)  By  dissolving  in  carbon  tetrachloride,  transferring  to  a 
weighed  flask,  and  distilling  off  the  tetrachloride  followed  by 
weighing  the  sludge  directly.  From  this  weight  the  volume  may 
be  estimated  by  assuming  a  specific  gravity  of  0.9.  During  the 
distillation  the  temperature  should  be  raised  to  300°  F.  (149°  C.) 
to  avoid  occlusion  of  water  in  the  tar. 

Following  the  estimation  of  the  amount  of  tar  present,  a 
known  volume  of  sludge  is  taken — conveniently,  that  con¬ 
taining  50  cc.  of  aqueous  portion — and  mixed  in  a  Pyrex 
vacuum  flask  with  a  volume  of  water  equal  to  that  of  the 
aqueous  portion  of  the  sludge.  A T0  is  observed  and  A Tc  is 
calculated.  The  strength  of  acid  in  the  aqueous  portion  (by 
weight)  is  then  determined  by  comparison  with  the  tempera¬ 
ture-rise  curve  for  pure  acid,  and  the  strength  of  acid  in  the 
whole  sludge  is  found  by  multiplying  the  above  figure  by  the 
percentage  by  weight  of  the  aqueous  portion  in  the  sludge. 
One  light  sludge  examined  by  this  method  showed  18.1  per 
cent  of  tar  and  81.9  per  cent  of  aqueous  portion  by  weight 
and  27.4  per  cent  of  tar  and  72.6  per  cent  of  aqueous  portion 
by  volume.  68.9  cc.  of  sludge  (94.9  grams)  which  contained 
18.9  cc.  of  tar  and  50.0  cc.  of  aqueous  portion  were  mixed  with 
50  cc.  of  water.  The  temperature  rise  observed,  A T„,  was  51  °  F. 
(22.6°  C.)  and  the  corrected  rise  55°  F.  (24.5°  C.)  From 
the  heat  of  dilution  curve  for  pure  acid  the  percentage  of  acid 
in  the  aqueous  portion  is  found  to  be  74  per  cent.  Multiply¬ 
ing  this  figure  by  the  percentage  of  aqueous  portion  in  the 
sludge — 81.9  per  cent — the  percentage  of  free  sulfuric  acid 
in  the  sludge  is  calculated  to  be  60.6  per  cent.  Analysis  of 
this  same  sludge  by  the  gravimetric  method  (A)  showed  59.5 
per  cent  free  acid. 

Method  E 

In  Method  E  the  sludge  is  treated  with  10  per  cent  aniline 
in  boiling  chloroform  with  the  formation  of  aniline  sulfate. 
This  is  filtered  off  and  analyzed  for  aniline  or  sulfuric  acid  by 
titration  or  for  sulfate  by  a  gravimetric  method.  This 
method  gives  results  checking  within  0.2  or  0.3  per  cent. 

One  to  two  grams  of  sludge  are  weighed  into  a  100-cc. 
beaker  and  to  this  are  added  50  cc.  of  a  10  per  cent  solution  by 
volume  of  freshly  distilled  or  water-white  aniline  oil  in  boiling 
chloroform.  A  vigorous  reaction  takes  place,  forming  aniline 
sulfate,  the  chloroform  dissolving  the  tar,  esters,  sulfonic 
acids,  and  dialkyl  sulfates.  The  mixture  is  carefully  stirred 
to  insure  a  complete  reaction  with  the  sludge.  By  treatment 
at  the  boiling  point  of  the  chloroform  the  aniline  sulfate  comes 
down  in  a  form  that  filters  readily  through  a  Gooch  crucible. 
The  asbestos  is  suspended  in  chloroform  instead  of  water,  for 
obvious  reasons.  The  beaker  is  carefully  policed  and  washed 
with  either  chloroform  or  ethyl  ether,  the  washings  being  run 
through  the  same  Gooch,  which  is  then  washed  with  chloro¬ 
form  or  ether  until  the  washings  are  colorless.  Air  is  sucked 
through  to  evaporate  the  solvent  and  then  100  to  200  cc.  of 
boiling  water  are  poured  through  to  dissolve  the  aniline  sul¬ 
fate  completely.  Small  specks  of  carbon  or  insoluble  tar  are 
usually  left  on  the  asbestos. 

The  filtrate  and  washings  are  then  made  up  to  1  liter  and  an 
aliquot  is  taken  and  titrated  with  0.5  N  bromide-br ornate  solu¬ 
tion  for  aniline  content,  from  which  the  sulfuric  acid  can  be 
calculated;  or  the  acid  may  be  determined  gravimetrically  as 
barium  sulfate. 

The  formula  for  calculating  the  sulfuric  acid  content  by 
titration  of  the  aniline  is  as  follows: 

(cc.  KBr.KBrOj  soln.)  X  F  X  0.0155  X  (cc.  aniline  sulfate  soln.)  X 

 0.526  X  100 


*  Pilat  and  Starkel,  Petroleum  Z.,  6,  2177  (1911). 


(wt.  sludge  taken)  X  (cc.  sample  titrated) 
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where  F  =  normality  factor  of  bromide-bromate  solution 
0.0155  =  grams  of  normal  aniline  per  cubic  centimeter  bromide- 
bromate  solution 

0 . 526  =  gravimetric  factor  of  aniline  to  sulfuric  acid 

The  bromide-bromate  solution  is  made  up  with  14  grams 
potassium  bromate  and  50  grams  potassium  bromide  per  liter 
and  standardized  against  a  known  weight  of  pure  aniline. 
One  mol  of  aniline  requires  3  mols  or  6  equivalents  of  bromine. 

Following  is  a  typical  example  of  the  results  obtained  by 
this  method: 


Sludge  (1.83  grams)  was  treated  with  50  cc.  of  a  solution  of 
chloroform  containing  5  cc.  of  aniline.  The  precipitated  sulfate 
was  washed  thoroughly  with  chloroform  dissolved  in  boiling 
water  and  made  up  to  1  liter.  The  20-cc.  aliquot  taken  required 
5.5  cc.  of  0.484  N  potassium  bromide-bromate  solution.  Cal¬ 
culating  by  the  formula,  we  find 


5.5  X  0.484  X  0.0155  X  50  X  0.526  X  100 

1.83 


59.2  per  cent  H2SO4 


Three  determinations  showed  these  checks:  59.2,  59.3,  and  59.2 
per  cent.  Between  30  minutes  and  an  hour  is  required  to  make 
a  determination. 

Experiments  to  Check  Validity  of  Method 

Objections  have  been  made  to  this  method  on  the  ground 
that  the  aniline  would  react  to  form  a  precipitate  insoluble  in 
chloroform,  not  only  with  the  free  sulfuric  acid,  but  also  with 
other  materials  present  in  the  sludge,  such  as  the  alkyl  sul¬ 
furic  acids,  the  sulfonic  acids,  and  neutral  sulfates.  In  order 
to  verify  the  validity  of  this  method  and  that  aniline  gave  a 
precipitate  insoluble  in  chloroform  on  reacting  only  with  the 
free  sulfuric  acid,  the  following  experiments  have  been  carried 
out: 

(1)  Taking  the  possible  sulfuric  acid  derivatives  in  order, 
the  writer  has  found  that  the  aniline  salts  of  the  alkyl  sulfuric 
esters  are  soluble  in  chloroform.  This  was  shown  by  the  fol¬ 
lowing  procedure:  A  sample  of  sludge  was  heated  under  re¬ 
flux  with  chloroform  for  15  minutes;  the  suspended  matter 
was  allowed  to  settle  for  1  hour  and  then  separated  by  de¬ 
cantation.  The  residue  was  washed  with  chloroform  by  de¬ 
cantation  until  the  washings  were  colorless.  The  chloroform 
extract  was  then  filtered  through  powdered  calcium  carbonate 
to  remove  any  free  sulfuric  acid  in  suspension.  This  may 
have  neutralized  some  of  the  alkyl  esters,  but  it  is  hardly 
probable.  On  adding  to  the  filtrate  a  quantity  of  freshly 
distilled  water-white  aniline  and  refluxing  for  53/4  hours,  no 
precipitate  was  formed,  indicating  that  there  was  no  free  sul¬ 
furic  acid  in  the  filtered  solution.  The  solvent  was  then 
evaporated,  water  and  hydrochloric  acid  added,  the  whole 
was  refluxed  2  hours  and  then  steam-distilled  to  remove  the 
hydrolysis  products  of  the  acid  esters.  The  residue  was  then 
make  alkaline  and  the  aniline  removed  by  steam.  The  re¬ 
sidual  solution  was  again  acidified  with  hydrochloric  acid, 
filtered,  heated  to  boiling  in  a  moderate  volume  of  water,  and 
hot  barium  chloride  solution  added.  A  heavy  cloud  of 
barium  sulfate  was  thrown  down.  This  shows  that  the  ani¬ 
line  salts  of  the  alkyl  sulfuric  esters  are  soluble  in  chloroform. 

In  another  experiment  using  the  same  sludge  it  was  found 
that  the  hydrolysis  of  these  esters  was  quite  slow,  since  15 
minutes’  refluxing  produced  only  a  turbidity  with  barium 
chloride  solution.  This  also  seems  to  show  that  Method  A, 
precipitation  with  barium  chloride,  is  not  very  much  in  error 
since  the  time  of  manipulation  is  very  short. 

(2)  Another  experiment  was  made  to  check  the  above  ob¬ 

servation,  in  which  the  sludge  was  treated  with  aniline  in 

boiling  chloroform  and  then  filtered.  Sulfuric  acid  was  care¬ 
fully  added  to  the  filtrate  until  no  more  precipitate  was 
formed.  The  precipitate  was  found  to  be  aniline  sulfate. 
The  filtrate,  then,  should  contain  only  the  aniline  salts  of  the 
acid  esters  and  any  neutral  sulfates  that  were  present  in  the 


sludge.  An  excess  of  sulfuric  acid  was  added  and  the  mix¬ 
ture  refluxed  for  several  hours.  No  further  precipitate 
formed.  The  chloroform  was  evaporated  and  water  added. 
This  was  refluxed,  filtered,  and  then  steam-distilled.  A  quan¬ 
tity  of  oily  material  distilled  over,  but  no  attempt  was  made 
to  identify  it  as  it  was  probably  alcohol.  The  residue  was 
then  made  alkaline  and  again  steam-distilled.  Aniline  was 
present  in  the  distillate.  This  also  shows  that  the  aniline 
formed  a  compound  with  the  acid  esters  soluble  in  chloroform. 

(3)  Sulfonic  acids  were  found  to  form  salts  with  aniline 
which  were  soluble  in  chloroform.  There  is  some  evidence  in 
the  literature4  that  aniline  reacts  with  neutral  sulfates  to  form 
aniline  sulfate.  This  reaction  did  not  occur  at  tempera¬ 
tures  below  140-160°  C.  (285-320°  F.)  and  required  at  least 
6  hours’  heating.  This  the  present  writef  has  found  to  be  true. 
That  the  reaction  does  not  take  place  under  the  conditions  of 
the  procedure  described  above  is  shown  by  the  following  ex¬ 
periments:  A  sample  of  sludge  was  treated  with  aniline  in 
boiling  chloroform.  The  precipitated  sulfate  was  filtered  off 
and  the  filtrate  allowed  to  stand  overnight.  No  further  pre¬ 
cipitate  appeared.  It  was  then  refluxed  for  2* 1 2 3/4  hours.  Still 
no  precipitate  was  formed.  The  chloroform  was  then  evapo¬ 
rated  and  the  residue  heated  to  140°  C.  (285°  F.)  for  4  hours. 
A  very  slight  amount  of  solid  separated  out,  but  it  was  too 
small  to  analyze. 

(4)  It  was  shown  by  the  following  experiment  that  the 
reaction  with  aniline  to  form  a  precipitate  was  immediate  and 
that  refluxing  for  a  long  period  did  not  affect  the  results.  The 
reaction  between  the  neutral  sulfates,  if  any  were  present,  and 
the  aniline  did  not  form  any  additional  precipitate  under  the 
conditions  of  this  procedure. 


Regular 
Treatment 
3  Minutes’ 
Heating 


Special 
Treatment 
2  Hours’ 
Heating 


Weight  of  sludge,  grams  1.549  2.01 

Volume  of  0.5  N  KBr.KBrCb  soln. 

requiredforsampletaken.ee.  4.5  5.9 

Calculating  to  free  sulfuric  acid  shows  59 . 2  per  cent  present  by  the  regular 
treatment  and  59 . 1  per  cent  in  the  special  treatment. 


These  experiments  indicate,  therefore,  that,  although  the 
aniline  may  react  with  the  neutral  sulfates  under  certain  con¬ 
ditions,  the  rate  is  so  slow  that  it  can  be  neglected  under  the 
conditions  of  the  method  described. 

(5)  The  precipitate  formed  by  the  aniline  on  the  sludge 
was  proved  to  be  aniline  sulfate,  as  follows:  Sludge  (1.78 
grams)  was  treated  with  boiling  chloroform  containing  10  per 
cent  aniline  and  filtered  through  a  weighed  Gooch  crucible. 
After  being  washed  with  ether  until  the  washings  were  color¬ 
less,  the  Gooch  and  contents  were  dried  at  46°  C.  (115°  F.) 
The  precipitate  weighed  3.03  grams.  One  hundred  fifty  cubic 
centimeters  of  boiling  water  were  poured  through  the  Gooch 
in  25-cc.  portions  until  no  sulfuric  acid  showed  in  the  washings 
and  the  Gooch  was  again  dried  and  weighed.  The  insoluble 
matter  weighed  0.045  gram.  Therefore,  the  weight  of  sulfate 
was  2.98  grams.  The  washings  were  made  up  to  1  liter,  an 
aliquot  taken,  and  the  aniline  content  determined  by  titration 
■with  0.5  N  potassium  bromide-bromate  solution. 

Per  cent 

Aniline  found  65.3 

Aniline  ealed.  (aniline  sulfate)  65.5 


Another  aliquot  of  the  sulfate  solution  was  treated  with 
barium  chloride  and  the  barium  sulfate  weighed. 

Per  cent 

Sulfuric  acid  found  35.0 

Sulfuric  acid  ealed.  34.5 


In  view  of  the  evidence  given  above,  it  appears  that  the 
only  precipitate  formed  on  the  addition  of  aniline  in  chloro- 

4  Heusler  and  Dennstedt,  Z.  angew.  Chem.,  17,  204  (1904). 
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Comparison  of  Results  Obtained  by  Various  Methods 


Sludge  I 

Sludge  II 

Sludge  III 

Method 

Per  cent 

Per  cent 

Per  cent 

A 

BaSC>4 

58.4 

50.6 

59.5 

B 

Isolation 

55.1 

49.0 

C 

Titration 

58.6 

50.0 

D 

Temperature  rise 

.  . 

60 !  6 

E 

Aniline 

58^7 

50.4 

59.2 

Vol.  1,  No.  2 

form  solution  to  light-oil  sludge  is  pure  aniline  sulfate  and  only 
the  free  sulfuric  acid  in  the  sludge  reacts. 
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Chart  of  Indicators  Useful  for  pH  Measurements' 

Clarke  E.  Davis  and  Henry  M.  Salisbury 

National  Biscuit  Company,  85  Ninth  Ave.,  New  York,  N.  Y. 


THE  accompanying  chart  of  the  indicators  has  been  found 
to  be  very  useful  in  quickly  judging  the  pH  of  solutions 
and  of  spot  tests  on  dry  materials.  It  was  compiled 
by  noting  the  color  produced  when  4  drops 
of  each  indicator  wTere  added  to  10-cc.  sets 
of  the  buffer  solutions  recommended  by 
Clark  and  Lubs.2 

Most  of  the  indicators  are  of  the  Clark 
and  Lubs3  series  with  the  addition  of  a  few 
others  in  common  use.  The  one  called 
Combination  A  is  a  50-50  mixture  of  methyl 
red  and  bromothymol  blue  that  has  been 
found  very  useful  because  of  its  wide  range 
in  color  changes  from  pink  at  pH  4.8  through 
orange,  yellow,  green,  and  finally  blue  at 
pH  7.4.  Bromocresol  green  as  suggested 
by  Cohen4  has  been  found  to  be  very  useful 
over  its  range. 

The  parabolas  and  ellipses  are  used  in 
this  chart  to  show,  by  their  overlapping, 
the  blending  of  one  color  with  another. 

Diminution  or  increase  in  color  strength  is 
shown  by  a  decrease  or  increase  of  the 
vertical  width  of  the  parabola  or  ellipse. 

The  indicators  were  made  up  as  shown 
in  the  table. 

In  using  this  chart  to  test  solutions,  4 
drops  of  the  indicator  are  added  to  10  cc. 
of  the  solution  and  the  color  is  then  com¬ 
pared  with  the  colors  noted  on  the  chart.  When  used  for  a 
spot  test  on  dry  material  only  a  very  small  amount  of  the 
indicator  is  applied  directly  to  the  material  under  examination 
and  reference  made  to  the  chart  after  a  moment  or  so. 


parts  of  the  pH  range  the  pH  can  be  judged  with  an  accuracy 
of  ±0.2.  The  operator’s  accuracy  can  also  be  increased  by  the 
use  of  buffer  solutions  for  comparison. 


Electrical  measurements  on  unknowns  followed  by  the  use 
of  indicators  will  also  help  the  operator  to  judge  the  finer 
shades  of  color. 


Indicator 

CONCN.  OF 
SOLN. 

Solvent 

pH  Range 

Methyl  violet 

Per  cent 

0.10 

1%  alcohol 

1 . 0  to 

3.2 

Thymol  blue  (acid  range) 

0.04 

Water 

1 . 4  to 

2.8 

Bromophenol  blue 

0.04 

Water 

3.0  to 

4.6 

Methyl  orange 

0.02 

Water 

3. 0  to 

4.8 

Bromocresol  green 

0.02 

Water 

3.2  to 

5.8 

Methyl  red 

0.02 

60%  alcohol 

4.4  to 

6.0 

Propyl  red 

0.02 

60%  alcohol 

4.8  to 

6.4 

Bromocresol  purple 

0.04 

Water 

5.2  to 

6.8 

Bromothymol  blue 

0.04 

Water 

6 . 0  to 

7.6 

Phenol  red 

0.02 

Water 

6.8  to 

8.4 

Cresol  red 

0.02 

Water 

7.2  to 

8.8 

Phenolphthalein 

1.00 

95%  alcohol 

7.8  to 

8.5 

Thymol  blue  (alkaline  range) 

0.04 

Water 

8. 0  to 

9.6 

Cresolphthalein 

0.02 

95%  alcohol 

8.4  to  10.0 

Thymolphthalein 

0.20 

95%  alcohol 

9.4  to  10.0 

Where  possible,  the  use 

of  several 

indicators 

is  advised  in 

order  to  give  a  more  accurate  judgment  of  the  pH.  In  some 


1  Received  December  12,  1928.  Contribution  No.  11  from  the  Re¬ 
search  Laboratory  of  the  National  Biscuit  Company. 

2  Clark  and  Lubs,  J.  Biol .  Chem.,  25,  479  (1916). 

3  Clark  and  Lubs,  J.  Bad .,  2,  1,  109,  191  (1917). 

4  Cohen,  U.  S.  Pub.  Health  Service,  Pub.  Health  Repts.,  38,  199  (1923); 
41,  3051  (1926). 


Errors  in  Nitric  Acid  Figures 

Editor  of  Industrial  and  Engineering  Chemistry: 

A  mistake  in  the  correct  amount  of  fuming  nitric  acid  to  use 
in  the  Carius  determination  of  halogens  and  sulfur  has  been 
carried  into  recent  editions  of  analytical  chemistry.  This  mis¬ 
take  renders  this  determination  dangerous. 

Corrections  may  have  been  issued  on  these,  but  a  reminder  to 
check  your  books,  cross  out  the  incorrect  and  write  in  the  correct 
amount,  may  save  time  and  accidents. 

Fresenius,  "Quantitative  Chemical  Analysis,"  Vol.  II,  John  Wiley  & 
Sons,  1915,  on  page  118  states  that  “to  avoid  explosions,  4  grams  of  nitric 
acid  per  50  cc.  of  bomb  should  under  no  circumstance  be  exceeded.”  Three 
to  5  cc.  of  fuming  nitric  acid  are  ample  for  all  determinations. 

Scott,  "Standard  Methods  of  Chemical  Analysis,”  4th  ed.,  Vol.  I,  p.  145, 
D.  Van  Nostrand  Co.,  recommends  30  cc.  of  96  per  cent  nitric  acid. 

Treadwell-Hall,  "Quantitative  Analysis,”  3rd  ed.,  Vol.  II,  p.  326,  John 
Wiley  &  Sons,  recommends  40  cc.  of  1.5  sp.  gr.  nitric  acid. 

The  writer  has  not  checked  other  editions  or  books  for  this 
error. 

A.  W.  Beshgetoor 

The  Dow  Chemical  Company 

Midland,  Mich. 

January  4,  1929 


April  15,  1929 
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A  Utility  Shaking  Machine' 

W.  M. Shaw 

The  University  of  Tennessee  Agricultural  Experiment  Station,  Knoxville,  Tenn. 


IN  THE  course  of  extended  investigations  upon  the  absorp¬ 
tion  properties  of  soils  and  minerals,  the  importance  of 
continuous  and  prolonged  agitation  became  evident. 
The  Wagner  shaking  machine  was  the  only  device  available 
for  this  purpose.  The  limited  carrying  capacity  of  this 
machine  has  proved  a  great  hindrance  to  the  expeditious  exe¬ 
cution  of  an  extensive  experimental  program.  The  need  for 
a  shaker  with  a  large  carrying  capacity  therefore  became 
imperative.  Such  a  machine  was  designed  and  constructed 
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Figure  1 — Diagram  of  Shaker 

in  a  local  shop.  This  machine  has  now  been  in  continuous 
operation  for  nearly  two  years  and  has  given  perfect  satisfac¬ 
tion.  It  possesses  two  distinct  merits  in  that  it  is  adaptable 
to  different  types  and  sizes  of  containers  and  it  is  of  simple, 
rugged,  and  inexpensive  construction. 

Description 


run  up  or  down  to  permit  the  proper  adjustment  of  the  over¬ 
head  clamp.  The  preliminary  adjustment  of  the  clamp  is 
such  as  to  permit  easy  insertion  of  the  flask  and  to  cause  about 
50  per  cent  compression  of  the  springs.  The  flask  is  inserted 
by  taking  hold  of  the  neck  with  the  right  hand  and  placing  the 
stopper  squarely  against  the  spring  pressed  sufficiently  inward 
to  permit  the  bottom  end  to  swing  easily  into  its  seat,  the 
left  hand  being  used  to  steady  the  body  of  the  flask.  Experi¬ 
ence  has  shown  that  this  technic  eliminates  all  chance  of 
breakage  during  loading  and  unloading.  The  pres¬ 
sure  of  the  spring  is  sufficient  to  hold  the  flasks  in 
place  only  during  the  loading.  Therefore,  as  soon 
as  each  tray  is  loaded,  the  outer  nuts  are  screwed 
down  until  the  stoppers  just  engage  the  sockets; 
the  inside  nuts  are  then  screwed  up  tightly  against 

the  clamp.  When  all  the  trays  are  thus  loaded,  the 
agitation  may  be  started  and  continued  indefinitely. 
The  shaker  may  be  propelled  by  either  a  small  elec¬ 
tric  or  water  motor  with  intervening  countershaft  to 
reduce  the  speed  to  about  45  revolutions  per  minute. 

The  above  procedure  is  followed  in  reverse  order 
to  unload  the  machine.  When  the  load  is  not  the 
full  capacity  of  the  machine,  it  should  be  distrib¬ 
uted  to  give  proper  balance.  Extra  overhead 
clamps  may  be  provided  for  extreme  ranges  in  size 
of  neck  of  containers,  but  clamps  with  sockets  to  fit 
No.  7  rubber  stopper  have  served  all  purposes.  For 
containers  with  extra  broad  necks  the  pressure  of  springs  and 
clamp  is  sufficient  to  hold  them  in  position. 

Uses 

The  shaker  can  be  used : 

(1)  To  obtain  equilibrium  in  absorption  studies  with  solu¬ 
tion  and  solid  phase  systems;  (2)  to  deflocculate  soils  for 


The  shaker  (Figure  1)  consists  essentially  of  a  system  of 
trays  and  overhead  clamps  arranged  radially  about  the  shaft 
every  60  degrees,  as  shown  in  the  end-view  drawing.  Each 
tray  accommodates  six  containers.  The  six  trays  are  held 
together  rigidly  by  two  outer  steel  bands,  which  are  in  turn 
connected  permanently  with  the  shaft  by  means  of  six *  1/2-inch 
rods  at  each  end  of  the  machine.  The  overhead  clamps  have 
six  sockets  concentric  with  the  dished  depressions  on  the 
trays.  Each  socket  carries  a  2-inch  spring,  one-half  of  which 
extends  beyond  the  face  of  the  clamp.  The  clamps  are  pro¬ 
vided  with  three  notches  to  fit  over  the  rods  and  when  not  in 
use  are  held  in  place  loosely  by  a  wooden  block  and  metal 
strip  screwed  on  and  fitting  over  the  middle  notch.  (Fig¬ 
ure  2)  The  dimensions  given  in  the  drawing  are  especially 
designed  for  the  use  of  liter  Florence  flasks  as  the  maximum 
size  of  container  and  all  sizes  below  it.  For  larger  containers 
the  diameter  of  the  machine  would  need  be  increased. 

Operation 

For  greater  convenience  in  loading,  the  trays  are  set  each 
in  turn  at  an  angle  of  30  degrees  above  the  horizontal  position 
and  dipping  inward.  The  machine  is  steadied  in  position 
by  means  of  a  notched  break  that  swings  out  and  directly 
under  the  flat  bar  and  engages  a  protruding  nut  under  each 
tray.  (See  rear  end  in  Figure  2.)  The  winged  nuts  are 

1  Received  October  18,  1928. 


Figure  2 — The  Utility  Shaker  Partly  Loaded 

mechanical  analysis;  (3)  to  flocculat^  precipitates  like  am¬ 
monium  phosphomolybdate;  and  (4)  to  carry  out  solubility 
studies. 

Acknowledgment 
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The  Fiber-Saturation  Point  of  Wood  as  Obtained 
from  Electrical  Conductivity  Measurements' 

Alfred  J.  Stamm 

U.  S.  Forest  Products  Laboratory,  Forest  Service,  Madison,  Wis. 


ALTHOUGH  it  has  long  been  known  that  variations  in 
moisture  content  below  a  certain  limit  affect  many 
important  physical  properties  of  wood,  yet  the  de¬ 
terminations  of  this  limit,  called  the  "fiber-saturation  point,” 
have  been  few  in  number  and  questionable  in  accuracy. 
When  it  is  considered  that  the  strength  of  wood  is  greatly 
affected  by  absorbed  water  and  not  at  all  by  free  water,  that 
the  swelling  and  shrinking  of  wood  are  due  entirely  to  ab¬ 
sorbed  water,  and  that  in  drying  wood  the  absorbed  water  is 
the  more  difficult  to  evaporate,  the  practical  importance  of 
accurate  determinations  of 
the  limit  of  absorption — -the 
fiber-saturation  point — -is  at 
once  evident. 

Fiber-Saturation  Point 

The  term  “fiber-satura¬ 
tion  point”  was  first  used  in 
connection  with  wood  to 
designate  the  moisture  con¬ 
tent  below  which  further  re¬ 
duction  of  moisture  caused 
changes  in  the  strength  of 
the  wood.  The  absorption 
of  water  by  wood  belongs 
to  the  same  general  class  of 
phenomena  as  the  absorp¬ 
tion  of  various  liquids  by 
different  fibrous  materials 
and  elastic  jellies,  and  it 
very  closely  resembles  the 
absorption  of  water  by  other 
cellulosic  fibers.  In  these 
other  absorptions  the  terms 
“limit  of  the  absorption”  of 
the  liquid  by  the  jelly  and  the  “limit  of  the  solubility”  of  the 
liquid  in  the  jelly  are  used  to  express  exactly  the  same  con¬ 
ception  as  “fiber-saturation  point.” 

Expressed  in  the  terms  that  pertain  specifically  to  its 
cellular  structure,  the  saturation  point  of  a  wood  fiber  may  be 
considered  as  the  state  in  which  the  cavity  of  the  fiber  is 
entirely  free  from  moisture  and  its  wall  is  saturated  through¬ 
out.  Shrinkage  of  a  drying  fiber  begins  at  this  point,  its 
strength  properties  begin  to  change,  and  its  electrical  con¬ 
ductivity  varies  at  different  rates  above  and  below  the  point. 
Accordingly  the  fiber-saturation  point  of  a  green  piece  of 
wood  losing  moisture  may  be  defined  provisionally  as  the 
moisture  condition  of  the  piece  at  which  there  is  a  break  in  the 
variation  of  the  rates  of  change  of  its  physical  properties  with 
change  in  moisture  content  of  the  piece.  The  fiber-saturation 
point  may  then  be  obtained  by  determining  the  point  of 
break  in  such  rate  of  change  for  any  of  the  physical  properties 
concerned.  Non-uniformity  in  the  moisture  condition  of  a 
piece  of  wood  of  tangible  size,  wdiich  always  obtains  to  some 
extent,  affects  the  accuracy  of  the  determination,  however, 
and  consequently  different  methods  of  determination  have 
different  degrees  of  accuracy. 

The  term  “fiber-saturation  point,”  as  used  throughout  this 

1  Received  December  10,  1928. 


discussion,  will  accord  with  the  preceding  provisional  defini¬ 
tion. 

Relation  between  Conductivity  and  Moisture  Content 

The  electrical  resistance  of  wood,  as  the  author2  has  already 
pointed  out,  changes  at  a  tremendous  rate  with  changes  in 
moisture  content  below  the  fiber-saturation  point.  From  an 
oven-dry  condition  to  the  fiber-saturation  point,  a  change  in 
moisture  content  from  zero  to  about  30  per  cent  of  the  weight 
of  the  wood,  the  conductivity  increases  a  million  fold.  Over 

this  range  of  moisture-con¬ 
tent  values  a  linear  relation- 
ship  exists  between  the 
logarithm  of  the  electrical 
resistance,  or  the  logarithm 
of  the  electrical  conduc¬ 
tivity,  and  the  moisture  con- 
tent.3  This  relationship, 
however,  fails  to  hold  for 
higher  values  of  moisture 
content.  From  the  fiber- 
saturation  point  to  the  com¬ 
plete  filling  with  water  of  the 
coarser  capillary  structure, 
which  in  some  cases  is  more 
than  200  per  cent  moisture 
content  bn  the  basis  of  oven- 
dry  wood,  the  electrical  con¬ 
ductivity  changes  less  than 
fifty  fold.  The  diminution 
of  the  rate  of  increase  of  elec¬ 
trical  conductivity  with  an 
increase  in  the  moisture  con¬ 
tent  above  the  fiber-satura¬ 
tion  point  provides  a  method 
of  determining  the  moisture  content  corresponding  to  this  point. 

Myer  and  Rees4  have  used  this  method  of  determining  the 
fiber-saturation  point  of  wood.  They  unfortunately  used 
large  specimens  of  wood,  cylinders  2  inches  long  and  1  inch  in 
diameter,  a  procedure  that  not  only  increases  the  difficulty 
involved  in  experimentation,  but  tends  to  decrease  the  ac¬ 
curacy  of  the  measurements  as  well  because  of  the  unavoid¬ 
able  moisture  gradients  that  result  during  the  drying  of  the 
specimens.  They  also  used  a  somewhat  different  method  of 
obtaining  from  their  curves  the  points  corresponding  to  fiber 
saturation,  which  will  be  described  later. 

Effect  of  Uneven  Distribution  of  Moisture 

On  account  of  the  parabolic  form  of  the  function  expressing 
the  relationship  between  electrical  conductivity  and  moisture 
content,  it  is  essential  that  the  moisture  distribution  of  the 
test  specimens  be  uniform  for  each  measurement.  If  the 
specimens  are  conceived  to  be  made  up  of  thin  laminations 
perpendicular  to  the  path  of  the  current,  the  electrical  resist¬ 
ance  of  a  specimen  will  be  the  sum  of  the  individual  resistances 
of  the  respective  hypothetical  laminations.  Then,  since  the 

2  Stamm,  Ind.  Eng.  Chem.,  19,  1021  (1927). 

*  Hasselblatt,  Z.  anorg.  allgem.  Chem.,  154,  375  (1926). 

4  Myer  and  Rees,  New  York  State  College  of  Forestry,  Tech.  Bull.  26, 
No.  19  (1926). 


A  method  for  determining  the  fiber-saturation  point 
of  wood  by  electrical  conductivity  has  been  developed 
so  as  to  minimize  the  effect  of  moisture  gradients. 
Small  specimens  less  than  a  fiber  length  in  thickness 
were  used. 

The  same  linear  relationship  between  the  logarithms 
of  electrical  conductivity  and  of  moisture  content 
exists  at  the  lower  moisture-content  values,  for  all 
of  the  species  studied.  The  point  of  tangency  of  the 
line  showing  this  relationship  with  the  curve  for  higher 
values  of  moisture  content,  which  represents  the 
fiber-saturation  point,  differs  slightly  among  the 
species,  and  the  upper  part  of  the  curve  does  also. 

No  perceptible  deviation  between  the  results  for 
green  redwood  and  for  resoaked  redwood  was  observed. 

Removing  the  extractives  of  redwood  raises  its  fiber- 
saturation  point. 

Fiber-saturation  values  obtained  by  other  means 
are  given  for  comparison  with  those  obtained  by  the 
electrical  conductivity  method. 
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resistance  of  wood  varies  in  a  parabolic  manner  with  change 
in  moisture  content,  the  total  resistance  will  be  at  a  minimum 
when  the  moisture  distribution  is  uniform.  For  example, 
with  a  specimen  having  a  4.5  per  cent  moisture  gradient  and 
moisture-content  values  of  9.5  per  cent  at  the  center,  5.0  per 
cent  at  the  surface,  and  an  average  of  8.1  per  cent,  the  ex¬ 
perimentally  determined  value  of  electrical  resistance  would 
be  60  per  cent  above  the  value  correct  for  a  uniform  distribu¬ 
tion  of  moisture;  this  excess  in  resistance  corresponds  to  a 
deviation  in  moisture  content  of  0.8  per  cent.5  Such  a  devi¬ 
ation  increases  at  a  tremendous  rate  with  increase  in  the  slope 
of  the  moisture  gradient.  The  nature  of  the  gradient — -that 
is,  whether  it  is  of  the  drying  or  the  absorbing  type — -will  also 
affect  the  results;  an  absorbing  gradient  is  likely  to  cause 
more  inaccuracy  than  a  drying  one  of  similar  severity.  The 
figures  of  this  example  thus  illustrate  to  some  extent  the  great 
importance  of  attaining  uniform  moisture-content  conditions 
for  investigative  purposes. 

Myer  and  Rees  attempted  to  attain  a  uniform  moisture 
distribution  by  holding  the  specimens  for  2  days  in  sealed  jars 
after  each  increment  of  drying,  so  that  the  moisture  might  be 
redistributed.  Moisture  gradients  below  the  fiber-saturation 
point  ■null  gradually  disappear  as  a  result  of  diffusion  when  the 
specimens  are  held  under  non-drying  and  non-absorbing 
conditions.  The  process  of  diffusion,  however,  is  extremely 
slow.  Above  the  fiber-saturation  point  no  such  diffusion 
tendency  exists,  so  that  in  a  large  specimen  it  is  practically 
impossible  to  attain  moisture-content  values  that  are  both 
high  and  uniform. 

Dimensions  of  Specimens 

The  simplest  way  to  minimize  the  difficulties  of  the  elec¬ 
trical  conductivity  method  is  to  use  small  specimens.  In  the 
research  now  reported,  transverse  sections  of  disk  form  1.0  cm. 
in  diameter  and  0.2  to  0.35  cm.  thick  were  used.  As  the  thick¬ 
ness  of  these  disks  is  less  than  the  average  fiber  length,  prac¬ 
tically  all  of  the  fibers  are  cut  across  at  least  once,  thus  expos¬ 
ing  nearly  all  of  the  fiber-cavity  capillaries  (lumina)  to  the 
drying  conditions  of  the  surface  of  the  wood.  Such  exposure 
not  only  minimizes  the  gradients  set  up  in  the  specimens,  but 
also  greatly  reduces  the  time  for  adjustment  of  the  moisture 
distribution  after  a  period  of  drying  that  has  carried  the 
moisture  content  below  the  fiber-saturation  point. 

Apparatus 

The  apparatus  used  consisted  of  a  portable  suspension 
galvanometer  (Leeds  and  Northrup  No.  2420-C),  an  Ayrton 
shunt,  a  contact  clamp  for  holding  the  wood  sections,  a  key 
switch,  and  a  source  of  direct  current  consisting  of  a  single 
dry  cell  of  1.5  volts  for  the  high-moisture-content  readings, 
and  a  90-volt  battery  for  the  low-moisture-content  readings. 
The  shunt  was  connected  across  the  galvanometer  and  in 
series  with  the  source  of  current,  the  wood  contact  clamp,  and 
the  key  switch. 

The  resistance  of  the  shunt  was  varied  so  as  to  allow  the 
entire  current  carried  by  the  test  specimen  and  different 
fractional  parts  of  it,  as  desired,  to  flow  successively  through 
the  galvanometer;  these  galvanometer  currents  had  the 
relative  values  of  1.0,  0.1,  0.01,  and  0.001.  The  settings  of 
the  variable  shunt,  together  with  the  two  different  applied 
potentials,  made  it  possible  to  cover  a  range  in  conductivity  of 
more  than  100,000  times. 

The  clamp  for  holding  the  small  wood  specimens  consisted 
essentially  of  a  rubber-tubing  screw  clamp  (Hofmann  type) 
mounted  on  a  wooden  panel.  A  lead  contact  disk,  1.0  cm.  in 
diameter  and  0.2  cm.  in  thickness,  having  an  appropriate 

6  A  more  extensive  description  of  the  effect  of  moisture  gradients 
upon  the  electrical  resistance  is  discussed  in  another  paper  by  the  author 
to  appear  later. 


electrical  connection  and  mounted  on  mica  insulation,  was 
fastened  over  the  bottom  arm.  The  specimen  was  placed  on 
this  contact  disk,  a  similar  lead  disk  was  placed  on  top  of  the 
specimen,  and  the  clamp  with  an  electrical  connection  on  its 
head  was  then  screwed  down  securely  on  the  pile  of  lead  and 
wood.  When  the  pressure  was  sufficient  to  give  a  good  con¬ 
tact  between  the  disks  and  the  specimen,  a  negligible  deviation 
in  the  resulting  current  was  obtained  on  reclamping. 

Though  a  current  flow  method  rather  than  a  zero  flow 
method  was  used,  the  effect  of  possible  polarization  was 
found  to  be  negligible  because  of  the  extremely  low  con¬ 
ductivities  measured,  maximum  values  being  of  the  order  of 
the  conductivity  of  distilled  water. 

Specimens  Studied 

The  heartwoods  of  eight  different  softwoods  and  one  hard¬ 
wood  were  studied.  All  specimens  had  been  previously  air- 
dried,  with  the  exception  of  the  redwood.  The  specimens 
were  therefore  saturated  by  soaking  in  distilled  water,  prior 
to  the  measurements,  until  they  sank.  They  were  extracted 
only  in  the  cases  designated,  and  then  with  either  hot  water 
or  alcohol. 

Experimental  Procedure  and  Results 

In  beginning  the  experimental  work,  after  the  adhering 
water  had  been  shaken  from  the  specimen  under  investigation, 
the  weight  of  the  specimen  in  a  small  sealed  weighing  bottle 
was  obtained,  and  its  electrical  conductivity  was  determined. 
It  was  allowed  to  dry  in  the  air  for  5  to  10  minutes  and  was 
then  sealed  in  the  weighing  bottle  for  15  minutes  to  18  hours 
before  the  next  measurement  was  made.  Experiments 
showed  that  for  these  small  specimens  2  hours  or  so  was  a 
sufficient  time  to  hold  the  specimens  under  non-drying  and 
non-absorbing  conditions  in  order  to  insure  any  possible  ad¬ 
justment  in  the  distribution  of  the  moisture  taking  place. 


Per  cent  Moisture  Content 


Figure  1 — Effect  of  Moisture  Content  on  the  SpecificTElec- 
trical  Conductance  of  Non-Extracted  Redwood 

Figures  1  and  2  show  graphically  the  results  for  redwood. 
The  percentage  moisture-content  values  calculated  on  the 
basis  of  oven-dry  wood  are  plotted  as  abscissas,  and  the  log¬ 
arithms  of  the  specific  conductance  of  the  wood  are  plotted  as 
ordinates.  Both  curves  show  a  linear  relationship  between 
the  moisture  content  and  the  logarithm  of  the  electrical  con¬ 
ductivity  below  about  30  per  cent  moisture  content,  and 
above  this  point  an  increasing  deviation  from  this  relationship 
with  increasing  moisture  content.  All  of  the  species  studied 
gave  practically  identical  lines  for  the  linear-relationship 
portion.  The  only  real  variations  between  species  were 
slight  differences  in  the  location  of  the  point  of  tangency  of 
the  straight  line  and  the  curve,  and  slight  differences  in  the 
nature  of  the  curve  itself. 
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Figure  1  presents  the  results  for  two  specimens  of  green 
redwood  and  their  corresponding  resoaked  values  after  oven¬ 
drying.  The  data  indicate  slight  but  consistent  differences 
between  two  specimens  of  the  same  kind  of  wood,  although 
the  differences  are  practically  within  the  range  of  experi¬ 
mental  error.  The  data  also  indicate  that  complete  drying 
has  no  perceptible  permanent  effect  upon  the  moisture  con¬ 
tent-electrical  conductivity  relationship. 

Fiber-Saturation  Points  Determined  by  Different  Means 

The  point  of  tangency  of  the  curved  and  the  straight-line 
portions  of  each  graph  marks  the  moisture-content  limit  for 
which  the  initial  moisture  content-electrical  conductivity 
relationship  is  valid.  This  point  corresponds  closely  with  the 
fiber-saturation  point  of  wood  as  obtained  by  several  other 
means. 

The  moisture  content  of  wood  in  equilibrium  with  100  per 
cent  relative  humidity  has  never  been  accurately  determined 
because  of  the  tremendous  effect  of  slight  changes  in  tempera- 


Figure  2 — Effect  of  Moisture  Content  on  the 
Specific  Electrical  Conductance  of  Extracted  Red¬ 
wood 


ture,  but  the  extrapolation,  to  equilibrium  values,  of  similar 
data6  for  several  different  high  humidities  gave  32  per  cent  as 
the  average  value  for  the  fiber-saturation  point  of  seven  dif¬ 
ferent  species  at  room  temperature.  More  accurate  recent 
data7  for  Sitka  spruce  heartwood  gave  30.5  as  the  fiber-satu¬ 
ration  point  at  27  °  C.  Myer  and  Rees4  obtained  fiber-satura¬ 
tion  points,  from  shrinkage  measurements,  ranging  from  25  to 
39  per  cent  for  different  species,  and  similar  shrinkage  data 
of  the  U.  S.  Forest  Products  Laboratory8  give  fiber-saturation 
points  for  Sitka  spruce,  by  radial  shrinkage,  of  28  per  cent  and, 
by  tangential  shrinkage,  of  30  per  cent.  Though  such  meas¬ 
urements  give  the  correct  order  of  magnitude  of  the  fiber- 
saturation  points,  they  are  complicated  by  the  fact  that  the 
shrinkage  is  not  entirely  transmitted  to  the  external  dimen¬ 
sions  of  a  block  of  wood.  The  fact  that  determinations  of  the 
fiber-saturation  point  by  the  shrinkage  method  often  give 
different  values  for  radial  and  for  tangential  determinations 
indicates  an  inherent  lack  of  accuracy  in  the  method ;  for  the 
species  under  discussion  (Sitka  spruce),  however,  the  average 
of  the  radial  and  the  tangential  determinations  (28  and  30)  is 
exactly  equal  to  the  electrical  conductivity  determination 
(29.0).  Values  for  the  fiber-saturation  point  comparable  to 

6  Hawley  and  Wise,  “Chemistry  of  Wood,”  p.  286,  Chemical  Catalog 
Co.,  1926;  data  of  M.  E.  Dunlap,  U.  S.  Forest  Products  Laboratory  (1919). 

7  Loughborough,  U.  S.  Forest  Products  Laboratory,  as  yet  unpublished. 

8  “Manual  for  the  Inspection  of  Aircraft  Wood  and  Glue  for  the 
United  States  Navy,”  prepared  by  the  U.  S.  Forest  Products  Laboratory, 
Navy  Dept.,  Bur.  Aeronautics  (1928),  p.  41. 


all  of  the  preceding  were  obtained  by  Tiemann,9  of  the  U.  S. 
Forest  Products  Laboratory,  by  means  of  mechanical  strength 
studies.  The  mechanical  strength  properties  of  wood  are  not 
affected  by  drying  until  the  fiber-saturation  point  is  reached. 
Below  this  value  of  moisture  content  most  of  the  strength 
properties  increase  with  a  decrease  in  moisture  content. 
Crushing  strength  data  secured  by  Tiemann  gave  fiber-satu¬ 
ration  points,  for  six  species  at  room  temperature,  varying 
from  20  to  35  per  cent  moisture  content.  More  recent  data 
of  this  laboratory  indicate  the  fiber-saturation  point  of 
Sitka  spruce  by  means  of  four  different  strength  measure¬ 
ments — namely,  modulus  of  rupture,  stress  at  elastic  limit  in 
bending,  maximum  crushing  strength  parallel  to  the  grain, 
and  the  elastic-limit  stress  compression  perpendicular  to  the 
grain.  The  fiber-saturation  points  thus  obtained  vary  from 
25  to  27  per  cent. 

Table  I  shows  the  four  distinct  physical  properties  of 
wood — namely,  hygroscopicity  (measured  by  relative  humid¬ 
ity-moisture  content  equilibrium  values),  shrinkage,  strength, 
and  electrical  conductivity — that  are  dependent  upon  the 
moisture  content.  The  fiber-saturation  values  as  determined 
by  the  first  two  are  limiting  values — that  is,  values  of  moisture 
content  for  100  per  cent  relative  humidity  and  0  per  cent 
shrinkage.  The  last  two  involve  phenomena  that  exist  on 
both  sides  of  the  fiber-saturation  point.  The  values  given  for 
the  fiber-saturation  point  represent  in  each  case  the  moisture 
content  corresponding  to  the  limit  of  validity  of  the  straight- 
line  relationship  between  the  amount  of  water  imbibed  by  the 
cell  wall  (“bound”  water)  and  the  magnitude  of  the  other 
property.  The  agreement  of  the  values  determined  by  the 
several  methods  is  as  good  as  can  be  expected,  not  only  be¬ 
cause  different  specimens  were  used  in  each  case,  but  because 
of  the  effect  of  other  incompletely  controllable  variables  upon 
the  properties  studied. 

Table  I — Fiber-Saturation  Point  of  Sitka  Spruce  at  Room  Tempera¬ 
ture  as  Determined  at  the  U.  S.  Forest  Products  Laboratory 
by  Several  Different  Methods 

Ftb  er-S  aturation 


Method  Point 

Per  cent 

Relative  humidity-moisture  content  equilibrium  30.5 

Shrinkage; 

Radial  28 

Tangential  30 

Strength: 

Modulus  of  rupture  27“ 

Stress  at  elastic  limit  in  bending  25“ 

Maximum  crushing  strength  parallel  to  the  grain  _  27“ 

Elastic  limit  stress  compression  perpendicular  to  the  grain  27“ 
Electrical  conductivity  29.0 

°  Indicated  values. 


Table  II — Fiber-Saturation  Points  of  Wood  at  24°  to  27°  C.  as  De¬ 
termined  by  Electrical  Conductivity 


Species  of  Wood 
Heartwood  Specimens 

Condition  of  Wood 

Fiber- 

Saturation 

Point 

Redwood 

Green 

Per  cent 
29.5 

Redwood 

Resoaked 

29.5 

Redwood 

Hot-water  extracted 

31.0 

Redwood 

Alcohol  extracted 

31.0 

Sitka  spruce 

Resoaked 

29.0 

Alaska  cedar 

Resoaked 

28.5 

Western  red  cedar 

Resoaked 

30.0 

Western  hemlock 

Resoaked 

30.5 

Western  yellow  pine 

Resoaked 

30.0 

Red  fir 

Resoaked 

30.0 

Douglas  fir 

Resoaked 

30.5 

Yellow  poplar 

Resoaked 

31.5 

The  electrical  conductivity  method  presented  in  this  paper 
shows  the  least  complication,  by  other  factors,  of  the  four 
methods  mentioned  for  determining  the  fiber-saturation  point. 
Table  II  gives  the  fiber-saturation  point  obtained  by  this 
means  for  several  different  species  of  wood.  As  might  be 
expected,  the  values  indicate  that  the  extractives  of  redwood 
are  less  hygroscopic  than  the  wood  substance  itself,  for  remov- 

9  Tiemann,  U.  S.  Dept.  Agr.,  Forest  Service  Bull.  70,  82  (1906);  Forest 
Service  Circ.  108  (1907). 


April  15,  1929 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


97 


ing  the  extractives  raises  the  fiber-saturation  point.  All  of 
these  values  for  the  fiber-saturation  point  are  higher  than 
those  given  by  Myer  and  Rees.4  Part  of  the  difference  be¬ 
tween  these  values  and  those  of  Myer  and  Rees  may  be  due  to 
the  difference  in  the  methods  used  for  locating  the  point  on  the 
graph  that  represents  the  fiber-saturation  point.  Myer  and 
Rees  determined  the  points  of  maximum  curvature  of  their 
graphs,  whereas  the  present  author  determined  in  each  case 


the  point  at  which  the  straight-line  portion  of  the  logarithmic 
curve  joins  the  curved  portion — that  is,  the  point  where  the 
relationship  between  moisture  content  and  electrical  con¬ 
ductivity  commences  to  deviate  from  the  relationship  holding 
for  water  imbibed  by  the  cell  walls  (“bound”  water).  Fur¬ 
ther  differences  between  the  sets  of  data  may  very  well  be  due 
to  the  more  nearly  complete  elimination  of  moisture  gradients 
in  this  research  than  in  that  of  Myer  and  Rees. 


A  Heavy-Duty  Thermostat' 

D.  F.  Othmer1 

University  op  Michigan,  Ann  Arbor.  Mich 


A  SIMPLE,  rugged  thermostat  was  desired  to  control  at 
least  4000  watts  of  electrical  .energy  and  maintain  the 
temperature  of  a  small  boiler  constant  to  0.02°  C.  for 
days  at  a  time.  The  regulating  force  was  the  vapor  pressure 
of  the  water  boiling  in  the  apparatus,  but  any  of  the  more 
usual  types  of  thermal  expansion  bulbs  might  be  utilized  as 
well  as  the  bulb  of  a  vapor-pressure  thermometer.  When 
the  vapor  pressure  of  the  liquid  may  be  used,  it  is  preferable 
because  thermal  equilibrium  is  very  quickly  obtained. 

Most  heavy-duty  electrical  thermostatic  circuits  depend 
on  two  sets  of  heaters,  one  to  deliver  the  largest  part  of  the 
heat  without  change  and  the  other  to  fluctuate  with  the 
relay.  A  single  heating  circuit  is  employed  in  this  unit,  and 
because  of  the  design  of  the  relay  only  one  set  of  leads  is 
necessary  for  both  heating  and  operation  of  the  relay. 

The  circuit  is  novel  chiefly  in  its  application  of  the  double¬ 
slider  Forsythe  water-cooled  rheostat  (supplied  by  the  Cen¬ 
tral  Scientific  Company  of  Chicago)  and  the  single  circuit, 
220-volt,  a.  c.  relay  (supplied  by  Eberbach  and  Sons,  of  Ann 
Arbor,  Mich.).  Two  2000-watt  General  Electric  immersion 
heaters  were  used  in  the  original  installation,  although  sub¬ 
sequently,  when  the  unit  was  applied  to  glass  flasks,  coils  of 
bare  nichrome  wire  were  used.  Either  type  is  satisfactory 
because  of  the  very  small  thermal  lag.  To  the  pressure  side 
of  the  manometer  was  attached  a  packing  box  through  which 
passed  an  iron  rod,  nickel-plated  and  platinum-tipped.  A 
suitable  trap  prevented  liquid  from  entering  the  manometer. 
An  ammeter  to  indicate  the  current  supplied  was  inserted  in 
the  circuit  as  shown.  In  addition  to  the  main  switch,  an 
auxiliary  switch  served  to  cut  out  the  relay  when  desired. 

On  examining  the  diagram  it  will  be  apparent  that  the 
resistance  on  the  rheostat  between  the  two  sliders  is  always 
short-circuited  by  the  heavy  copper  rod  on  which  they  operate. 
When  the  relay  is  closed,  that  part  of  the  resistance  to  the 
left  of  the  left  slider  is  also  short-circuited,  and  the  only  part 
of  the  resistance  that  is  still  effective  is  that  to  the  right  of 
the  right  slider.  By  varying  the  positions  of  the  sliders  it  is 
possible  to  obtain  any  desired  value  of  the  current  flowing 
between  the  given  limit  for  the  open  position  and  any  higher 
value  (below  the  upper  limit)  for  the  closed  position.  In 
practice,  when  a  change  was  being  made  in  the  amount  of 
heat  supplied  and  the  desired  current  intensity  was  not 
known,  the  two  sliders  were  placed  close  together  near  the 
right  of  the  rheostat.  On  the  open  position  of  the  relay 
practically  the  whole  rheostat  was  in  circuit  and  only  about 
5  amperes  flowed,  while  on  the  closed  position  the  rheostat 
was  almost  entirely  cut  out  and  about  20  amperes  flowed. 
The  resistance  of  the  heaters  was  12.8  ohms,  and  the  varia- 

1  Presented  as  part  of  the  paper  “The  Condensation  of  Steam”  before 
the  Division  of  Industrial  and  Engineering  Chemistry  at  the  76th  Meeting 
of  the  American  Chemical  Society,  Swampscott,  Mass.,  September  10  to 
14,  1928. 

2  Present  address,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


tion  of  the  heat  supplied  was  between  300  and  5000  watts. 
This  large  fluctuation  was  unnecessary,  and  from  observation 
of  the  relative  time  between  makes  and  breaks  of  the  relay, 
the  rheostat  could  be  adjusted  so  that  the  variation  was  only 
2  to  4  amperes.  For  smoothness  of  operation  this  was  desir¬ 
able,  because  there  was  a  larger  lag  and  fluctuation  of  tem¬ 
perature  when  the  difference  between  the  current  flowing  with 
relay  open  and  closed  was  large  than  when  it  was  small.  Be¬ 
cause  of  the  two  heavy  contact  points  in  the  relay,  sparking 
was  not  excessive  even  when  the  difference  in  intensity  of 
current  was  as  much  as  15  amperes. 


This  type  of  manometer  varies  with  change  of  atmospheric 
pressure,  but  the  normal  fluctuation  of  the  barometer  in  a 
few  hours  is  small  compared  with  the  vapor  pressure  of 
liquids  near  their  atmospheric  boiling  point.  If  a  very  close 
regulation  is  desired  over  long  periods  of  time,  even  this 
factor  may  be  eliminated.  The  left  arm  of  the  manometer 
is  connected  by  tubing  to  a  bulb  of  a  capacity  large  in  com¬ 
parison  with  that  of  the  connections.  This  bulb  (not  shown 
in  the  figure)  is  installed  in  the  constant-temperature  boiler. 
A  vent  valve  to  the  atmosphere  is  connected  in  the  tubing 
to  release  the  pressure  when  desired,  and  is  opened  when  the 
thermostat  is  put  in  operation.  After  the  desired  conditions 
have  been  reached,  this  valve  is  closed  and  a  constant  pres¬ 
sure  is  maintained  on  the  open  side  of  the  manometer,  which 
is  thus  made  substantially  free  from  variations  due  to  changes 
of  atmospheric  temperature  or  pressure.  This  auxiliary 
compensator  is  usually  unnecessary,  but  when  attached 
gives  a  manometer  with  a  vapor-pressure  thermometer  on 
one  side  and  a  constant-volume  gas  thermometer  on  the  other. 
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Standardization  of  Conditions  for  Measuring  the 
Detonation  Characteristics  of  Motor  Fuels' 

R.  Stansfield  and  F.  B.  Thole 


Anglo-Persian  Oil  Company,  Ltd.,  Meadhurst,  Sunbury-on-Thames,  England 


RICARDO’S  investiga¬ 
tions  in  England  and 
the  work  of  Midgley 
and  Boyd  in  the  United  States 
have  resulted,  during  the  last 
seven  years,  in  an  extensive 
laboratory  use  of  standard 
and  special  research  engines 
for  measuring  the  relative 
values  of  motor  fuels. 

The  performance  of  a  fuel 
has  usually  been  expressed  in 
terms  of  (a)  highest  useful 
compression  ratio,  (6)  com¬ 
pression  ratio  above  that  of  a 
standard  spirit,  (c)  the 
amount  of  antiknock  material 
required  to  make  the  per¬ 
formance  equal  to  that  of  a 
high  value  reference  standard, 
and  (d)  the  equivalent  blend 
of  an  easily  pinking  basic  fuel 
with  an  antiknock  spirit  or 
metallic  dope. 

Method  (a)  gives  values 
which  apply  only  to  the  particular  engine  and  method  used; 
( b )  is  of  more  general  application,  but  is  still  dependent  to 
some  extent  on  the  design  of  the  engine;  (c)  is  fundamentally 
unsound  because  fuels  of  identical  value  at  a  low  compres¬ 
sion  ratio  may  require  different  amounts  of  blending  material 
to  make  them  equal  at  a  high  compression  ratio;  ( d )  is  least 
dependent  on  engine  design  and,  provided  that  certain  de¬ 
tails  of  technic  are  observed,  appears  to  meet  all  the  require¬ 
ments  of  a  standard  method. 

Edgar2  recently  submitted  five  fuels  to  nine  laboratories  and 
asked  for  reports  on  the  amount  of  Ethyl  fluid  which  they 
found  it  necessary  to  add  to  four  of  the  fuels  to  make  each 
equal  to  the  fifth.  The  recorded  results  show  wide  discrepan¬ 
cies,  attributed  largely  to  variations  in  the  air-fuel  ratio  used. 

MacCoull,  reporting  on  similar  tests,  found  equally  large 
differences.3  He  emphasized  the  need  for  standardization  of 
mixture  strength,  ignition,  and  other  variables,  and  expressed 
the  opinion  that  any  reference  scale  should  have  some  direct 
connection  with  compression  ratio. 

It  is  extremely  unlikely  that  any  one  research  engine,  used 
with  reasonable  regard  to  the  control  of  the  major  variables, 
will  give  contradictory  values  on  repeat  tests,  but  the  subject 
has  assumed  such  importance  that  further  and  more  intensive 
investigation  of  the  causes  of  wide  divergencies  between 
different  engines  is  needed  to  enable  the  results  from  various 
laboratories  properly  to  be  compared. 

The  following  account  describes  recent  work  at  the  Research 
Station  of  the  Anglo-Persian  Oil  Company,  and  relates  to  the 
coordination  of  tests  from  three  engines,  two  of  which  have 
compact,  well-shaped  combustion  chambers,  and  the  third, 
a  combustion  head  designed  to  give  as  bad  an  arrangement  as 

1  Received  December  1,  1928. 

2  Edgar,  J.  Soc.  Automotive  Eng.,  22,  41  (1928). 

•  MacCoull,  Ibid.,  22,  457  (1928). 


possible  consistent  with 
means  for  varying  the  com¬ 
pression  ratio  while  the  engine 
is  running. 

The  objects  of  the  research 
were  fourfold: 

First,  the  original  engine  was 
becoming  overworked  and  a 
new  and  smaller  size  had  to  be 
put  into  commission.  It  was 
therefore  necessary  to  deter¬ 
mine  the  relation  between  re¬ 
sults  of  tests  from  the  two 
engines. 

Secondly,  and  arising  from 
the  first,  the  experimental  error 
of  each  method  had  to  be  care¬ 
fully  investigated. 

Thirdly,  it  was  desired,  if 
possible,  to  obtain  a  fairly  cheap 
commercial  engine  and  so  to 
modify  it  that  replicas  could  be 
used  for  fuel-testing  with  con¬ 
cordant  results,  irrespective  of 
operator  and  geographical  loca¬ 
tion. 

Fourthly,  means  had  to  be 
devised  for  matching  new 
blends  of  fuels  with  known 
blends  to  a  much  higher  degree  of  accuracy  than  seemed  possible 
by  the  usual  methods  of  test.  Errors  greater  than  0.01  com¬ 
pression  ratio  were  not  permissible. 

Types  of  Engines  Used 

Engine  No.  I  was  made  by  Messrs.  J.  I.  Thornycroft,  and 
has  been  in  almost  daily  use  since  early  1924.  It  is  in  many 
respects  similar  to  Ricardo’s  E-35  design,  but  has  a  cylinder 
capacity  of  1025  cc.  as  compared  with  2060  cc.  The  com¬ 
pression  ratio  can  be  varied  between  3.9  and  7.6  to  1  while  the 
engine  is  running,  by  adjusting  the  height  of  the  cylinder  and 
cylinder  head  in  relation  to  the  moving  parts.  Four  overhead 
valves  are  fitted,  two  inlet  and  two  exhaust,  and  provision  is 
made  for  the  use  of  from  one  to  three  spark  plugs.  One  of 
these  plugs  is  at  one  end  of  the  cylinder  diameter  parallel  to 
the  axis  of  the  gudgeon  pin  and  the  other  two  are  placed  at 
opposite  ends  of  the  tranverse  diameter.  The  carburetor  is  a 
vertical  modified  Claudel  Hobson,  to  which  has  been  added  a 
change-over  device  for  rapidly  transferring  from  one  fuel  to 
another.  Arrangements  are  made  for  heating  the  inlet  air  to 
any  desired  temperature  with  an  upper  limit  of  210°  F.  (99° 
C.).  The  equipment  includes  means  for  preliminary  heating 
of  the  lubricating  oil  to  insure  rapid  attainment  of  steady 
mechanical  conditions.  Water-jacket  temperature,  ignition 
advance,  air-fuel  ratio,  and  speed  can  all  be  controlled  over  a 
wide  range. 

Fuel  consumption  is  measured  by  means  of  nozzle-type 
flowmeters  feeding  directly  to  the  carburetor  jet.  The  me¬ 
ters  are  regularly  checked,  and  their  use  enables  the  effects  of 
feed  changes  to  be  observed  without  the  delay  unavoidable 
when  the  time  of  flow  of  a  measured  volume  has  to  be  taken. 

Power  output  and  mechanical  losses  are  determined  with  a 
floating  field  dynamometer. 

Engine  No.  II  was  designed  and  manufactured  by  Messrs. 


Three  designs  of  engine  are  described  with  entirely 
different  combustion-chamber  shapes  and  valve  ar¬ 
rangements.  Tests  show  that  substantially  equal 
results  for  antiknock  value  can  be  obtained  from  any 
of  the  engines  if  comparisons  are  made  in  terms  of 
equivalent  blends  of  standard  spirits  and  provided 
that  test  conditions  are  suitably  controlled. 

The  effect  of  each  controllable  variable  is  examined, 
the  most  important  being  the  air-fuel  ratio  and,  in 
the  case  of  tests  with  the  bouncing-pin  indicator,  the 
compression  ratio  at  which  comparisons  are  made. 

The  air-fuel  ratio  must  be  adjusted  to  give  maximum 
pinking  and,  for  bouncing-pin  tests,  the  sample  must 
be  used  undoped  and  the  compression  ratio  adjusted 
to  give  the  necessary  evolution  of  gas  in  the  voltameter. 

Experimental  errors  of  different  methods  of  test 
have  been  determined  and  vary  from  ±2  to  ±0.25 
per  cent  of  benzene  in  heptane,  the  bouncing-pin 
method  giving  the  closest  agreement  between  repeat 
tests. 

7V-heptane  and  pure  benzene  are  suggested  as  suit¬ 
able  for  standard  reference  blends,  but  there  is  need 
for  a  cheaper  and  more  easily  obtainable  low-value 
spirit  than  heptane. 
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H.  R.  Ricardo  and  Company,  and  has  been  in  use  for  about 
12  months.  It  is  of  the  single  sleeve  valve  type  with  a  cyl¬ 
inder  capacity  of  346  cc.  The  compression  ratio  can  be 
varied  from  5.4  to  11.9  to  1  by  adjusting  a  l3/4-inch  (4.4-cm.) 
diameter  steel  plug  which  slides  in  the  combustion  head.  The 
lower  end  of  the  plug  is  recessed  conically  and  the  spark  plug 
is  fitted  at  the  apex  of  the  cone. 

The  carburetor  is  of  the  horizontal  pattern  without  float 
chamber  and  is  fitted  with  an  adjustable  jet.  The  general 
equipment  is  substantially  the  same  as  for  engine  No.  I 
except  that  the  lubricating  oil  heater  is  omitted  and  the  water¬ 
cooling  system  is  divided  to  separate  the  main  jacket  from  the 
cylinder  head. 


Engine  No.  Ill  is  a  modification  of  a  single-cylinder  “B” 
type  Armstrong  Whitworth  engine.  Figure  1  shows  a  sec¬ 
tional  arrangement.  Two  such  units  were  obtained,  the 
first  being  to  standard  design  except  that  the  crankcase  vent¬ 
ing  arrangements  were  modified,  and  two  extra  cylinder  heads 
were  specified  with  compression  ratios  of  5.0  and  5.5  to  1  and 
so  shaped  as  to  avoid  turbulence. 

A  carburetor  similar  to  that  on  engine  No.  II  was  added  and 
also  the  necessary  air-heating,  jacket-temperature  control, 
and  fuel-measuring  and  change-over  equipment.  Power 
output  is  taken  by  a  direct-coupled  dynamo,  and  although  the 
absolute  value  is  only  calculable  to  ±2.5  per  cent,  changes  of 
the  order  of  1  per  cent  can  be  detected.  The  switch  gear  is 
of  standard  battery-charging  pattern  except  that  a  sliding 
rheostat  has  been  included  in  the  field  circuit  for  fine  control 
of  speed.  The  current  generated  can  be  absorbed  in  a  re¬ 
sistance  or  discharged  to  the  supply  mains. 

It  was  found  necessary  to  abandon  the  original  magneto  in 
favor  of  coil  ignition,  to  double-key  the  flywheel,  and  to  stiffen 
the  fabric  of  the  flexible  coupling. 

This  engine  has  been  in  satisfactory  use  for  routine  testing 
of  certain  spirits  for  several  months. 


The  second  unit  (engine  No.  Ill)  was  modified  by  the 
makers  to  include  fixing  the  flywheel  with  nut  and  key  on  a 
conical-ended  shaft,  the  flexible  coupling  was  reenforced,  and 
the  crankshaft  end  play  limited. 

Pressure  of  other  work  made  it  necessary  at  once  to  run  this 
set  for  a  long  period  test  of  a  special  fuel,  and  during  this  time 
development  work  was  confined  to  engine  No.  II. 

Comparison  between  results  from  No.  II  and  the  first 
Armstrong  Whitworth  engine  led  to  the  belief  that  pinking 
characteristics  might  best  be  measured  in  an  engine  with  a 
combustion  space  made  deliberately  inefficient,  and  with  the 
maximum  amount  of  flat,  unsupported  metal  consistent  with 
the  making  of  a  tight  cylinder  head  to  cylinder  block  joint. 

A  design  was  therefore  prepared  for  a  variable  compression 
head  to  suit  engine  No.  III.  The  sliding  plug  of  Ricardo’s 
design  was  embodied,  but  it  was  placed  as  far  as  possible  from 
the  spark  plug  and  was  reduced  in  diameter  to  V-/\  inches 
(3.2  cm.). 

The  capacities,  compression  ratios,  and  flame  travel  of  the 
engines  are  given  below. 


Engine 
No.  I 

Capacity,  cc.  1025 

Range  of  compression  ratio  3.95  to  7.6 

to  1 


Engine  Engine 

No.  II  No.  Ill 


346  372 

5.4  to  11.9  4.0  to  8.0 

to  1  to  1 


Flame  travel: 

Cm. 

Inches 

Cm. 

Inches 

Cm. 

Inches 

Low  ratio 

11.4 

4.5  (single 
plug) 

7.24 

2.85 

16.5 

6.5 

High  ratio 

11.4 

4.5 

4.3 

1.7 

9.53 

3.75 

Sectional  views  of  each  combustion  space  are  shown  in 
Figure  2. 

Subsequent  tests  with  the  variable-compression  head  on 
engine  No.  Ill  have  fully  justified  its  construction.  Pinking 
can  be  detected  sharply  over  a  range  of  intensities,  and  the 
mechanical  running  roughness  always  associated  with  pinking 
conditions  is  free  from  disturbing  rattle. 

The  new  head  necessitated  a  further  constructional  altera¬ 
tion.  The  holding-down  studs  were  found  to  be  too  weak  to 
keep  the  joint  tight  at  high  ratios  and  had  to  be  increased 
from  5/ 16  to  7/is  inch  (8  to  11  mm.)  diameter.  Finally  the 
sliding  compression  plug  was  drilled  and  tapped  to  take  the 
diaphragm  and  contact  unit  of  a  Midgley  bouncing  pin. 

The  fuel  system 
consists  of  a  group  of 
three  flowmeters  of 
special  design  (Figure 
3)  arranged  to  reduce 
to  a  minimum  the 
amount  of  waste  fuel 
space,  the  total  allow¬ 
ance  for  draining  a 
meter  and  clearing  the 
pipe  fine  after  a  test 
being  only  30  cc.  The 
cover  of  the  fuel 
chamber  is  sealed 
after  filling  by  closing 
the  inlet  and  vent 
cocks,  the  only  inlet 
for  air  then  being 
through  the  head 
equalizing  pipe  which 
has  an  orifice  close  to  the  bottom  of  the  meter.  The  spirit 
flows  out  through  a  measuring  nozzle  downwards  into  the 
carburetor  feed  pipe  and  upwards  into  a  gage  glass,  the  level 
in  this  glass  determining  the  effective  head  on  the  carburetor 
jet  and  indicating  the  rate  of  flow.  A  flowmeter  holds  enough 
fuel  for  about  an  hour’s  run,  and  each  is  coupled  through 
a  needle  valve  to  a  branch  pipe  mounted  directly  under  the 
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carburetor  jet.  A  fine-adjustment  needle  valve  under  the 
jet  enables  the  flow  to  be  regulated  with  great  accuracy. 
Drain  cocks  are  fitted  for  clearing  the  pipe  lines  and  for  cali¬ 
bration  purposes.  The  running  time  required  for  change  from 
one  spirit  to  another  is  less  than  10  seconds.  Owing  to  the 
absence  of  a  float  or  weir  chamber,  there  is  a  slight  gravity 
flow  of  fuel  during  the  exhaust,  compression,  and  firing  strokes, 
but  repeated  tests  have  shown  that  this  has  no  prejudicial  effect 
even  when  kerosenes  are  used.  The  use  of  a  float  chamber 
causes  erratic  working  and  considerably  increases  the  waste 
fuel  space  in  the  fuel  system. 

Engine  No.  Ill  has  now  (October,  1928)  been  in  use  for 
upwards  of  350  hours,  of  which  more  than  200  have  been  under 
conditions  of  heavy  pinking.  The  working  parts  seem  well 
able  to  withstand  this  treatment  and  no  adjustments  have 
been  necessary. 

Experimental 

Engine  No.  I — This  engine  has  had  the  most  troublesome 
history.  It  was  put  into  use  when  little  reliable  information 
was  available  regarding  the  technic  of  this  branch  of  spirit¬ 
testing,  and  it  has  always  suffered  from  excessive  running 
roughness  and  mechanical  rattle.  Early  tests  proved  the 
impossiblity  of  obtaining  high  accuracy  merely  by  adjusting 
the  head  to  what  was  judged  to  be  a  definite  standard  of 
pinking. 

O.  E.  Mott  and  W.  N.  Hoyte,  of  the  Research  Staff  of  the 
Anglo-Persian  Oil  Company,  conducted  a  long  series  of 
experiments  to  overcome  this  difficulty  and  finally  developed 
what  is  believed  to  be  a  unique  system. 

When  the  engine  is  running  under  moderate  pinking  con¬ 
ditions  a  trained  observer  is  able  to  detect  and  count  the 
number  of  pinks  above  a  certain  intensity  taking  place  in  a 


given  time.  It  was  found  that  the  number  increased  very 
rapidly  with  rise  of  compression  ratio  and  that  the  line  con¬ 
necting  the  logarithm  of  the  number  of  pinks  with  the  corre¬ 
sponding  compression  ratios  was  almost  straight.  This 
line  is  plotted  for  three  compression  ratios  (0.1  apart)  at  each 
of  three  ignition  advances  (2.5  degrees  apart)  with  the  engine 
running  on  a  standard  spirit,  and  then  for  two  or  three  com¬ 
pression  ratios  and  at  each  of  the  three  ignition  advances  for 
the  sample  under  test.  A  set  of  such  values  is  shown  in  Figure 
4.  The  mean  value  of  the  distances  1  to  6  in  terms  of  com¬ 
pression  ratio  is  taken  as  the  “engine  test”  of  the  sample. 
Frequent  repeat  tests  at  two  or  three  compression  ratios  on 
standard  spirit  are  made  during  any  series  of  tests. 

Advantages  of  this  system  are  that  it  is  partly  mechanical, 
and  that  it  is  only  necessary  to  move  the  cylinder  in  steps  of 
0.1  ratio  about  the  position  of  average  pinking  intensity. 
The  strain  on  the  observer,  however,  is  severe,  and  tests  of  ten 
to  twelve  samples  a  day  form  about  the  limit  of  the  engine’s 
capacity.  The  quantity  of  fuel  required  for  a  test  is  1.5  to  2 
liters. 

Results  are  expressed  in  terms  of  increase  or  decrease  of 
compression  ratio  for  the  sample  under  test  as  compared  with 
the  compression  ratio  for  standard  spirit.  These  values  can 
be  converted  by  the  use  of  suitable  calibration  curves  to 
equivalent  blends  of  standard  spirit  and  benzene,  or  to  equiva¬ 
lent  blends  of  heptane  and  benzene. 

Many  attempts  have  been  made,  without  much  success,  to 
apply  other  methods  of  test  to  engine  No.  I.  They  include 
throttling  tests;  observation  of  the  compression  ratio  at  the 
point  of  power  drop;  measurement  of  the  position  of  mini¬ 
mum  value  of  the  temperature  curve  of  a  thermocouple  in¬ 
serted  through  a  plug  body;  and  the  use  of  an  elementary 
form  of  bouncing  pin.  In  every  case  but  the  last  there  was 
a  relation  between  the  value  of  the  spirit  and  the  experi¬ 
mental  result,  but  the  accuracy  was  much  inferior  to  the 
counting  system. 


4-0  4  -or  -+U  ■*?«-  -*--20  4-ZS-  4-3o  4-36"  4*40  -4-4S  4SO  W  4*0 

COn^CSSiW  KATio 

£  Figure  4 — Counting  Method  of  Determining  Relative  Value  of 

Two  Spirits 

Engine  No.  II — This  engine  was  put  into  service  in  Octo¬ 
ber,  1927,  and  was  used  for  some  time  according  to  the  method 
of  Ricardo.  This  depends  on  recording  the  compression 
ratios  for  different  degrees  of  pinking  with  standard  spirit  and 
then  with  the  sample  under  test.  The  first  degree  of  pinking 
following  the  development  of  running  roughness  is  described 
as  “continuous  slight.”  This  is  followed  by  “frequent  mod¬ 
erate,”  “continuous  moderate,”  “frequent  heavy,”  etc.  In 
a  typical  case  the  difference  between  two  “continuous  slight” 
positions  might  be  0.50  of  a  ratio,  the  difference  between  two 
“frequent  moderate”  0.54,  and  between  two  “continuous 
moderate”  0.52.  The  mean,  0.52,  is  taken  as  the  value  of  the 
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sample  in  terms  of  compression  ratios  above  the  compression 
ratio  for  the  standard  spirit. 

The  method  was  satisfactory  with  some  fuels,  but  dis¬ 
appointing  with'  many  cracked  spirits  owing  to  pronounced 
differences  in  the  development  of  pinking  from  slight  to  heavy. 
It  has  been  abandoned  in  favor  of  one  standard  of  audibility 
obtained  for  a  series  of  air-fuel  ratios. 

The  fuel  supply  is  first  made  weak;  the  compression  ratio  is 
increased  to  give  standard  audibility  and  the  ratio  noted. 
The  mixture  is  then  strengthened  slightly  and  the  com¬ 
pression  ratio  correspondingly  reduced  to  keep  the  audibility 
standard.  This  is  repeated  until  the  minimum  compression 
ratio  position  is  found  above  which  increasing  values  are 

recorded  as  the  mix¬ 
ture  is  strengthened. 

Curves  from  two 
fuels  are  shown  in 
Figure  5.  The  test  is 
made  with  fixed  igni¬ 
tion.  If  the  spark  is 
adjusted  to  give  maxi¬ 
mum  power  output 
for  each  feed,  the 
minimum  compres¬ 
sion  ratio  point  is  not 
so  marked  and  the  ex¬ 
perimental  error  is 
found  to  increase. 

The  “engine  test” 
of  the  sample — i.  e., 
the  value  of  the  spirit 
—is  usually  expressed 
as  the  difference  be¬ 
tween  the  compres¬ 
sion  ratios  at  a  and  b, 
a  being  for  the  standard  reference  spirit,  and  b  for  the  sample. 
A  quantity  of  about  500  cc.  is  sufficient  for  a  test  including  a 
check  reading  of  the  minimum  value  of  compression  ratio 
against  a  check  reading  on  standard  spirit. 

One  feature  of  the  method  is  that  it  is  unnecessary  to  de¬ 
termine  the  absolute  value  of  the  fuel  feed  or  air-fuel  ratio. 
The  actual  rates  of  feed  in  pints  per  hour  for  the  example 
given  differ  by  less  than  4  per  cent,  although  the  scale  readings 
differ  by  20  per  cent.  The  change  of  calibration  is  due 
largely  to  viscosity  effects. 

The  results,  which  are  determined  as  compression-ratio 
differences,  can  be  expressed  in  terms  of  equivalent  blends  of 
standard  spirits  if  necessary. 

An  observer  can  work  for  longer  periods  without  fatigue  on 
this  engine  than  on  No.  I,  and  there  is  no  difficulty  in  testing 
twenty  or  more  samples  in  one  day. 

Engine  No.  Ill — Three  satisfactory  systems  have  been 
examined  on  engine  No.  III. 

An  audibility  method  can  be  used  as  described  for  engine 
No.  II  and  with  a  sample  of  250  cc. 

A  second  method  is  to  adjust  the  head  to  give  a  suitable 
intensity  of  pinking  on  the  sample  fuel  and  to  read  the  com¬ 
pression  ratio.  From  previous  calibration,  this  is  known  to 
correspond  approximately  to  a  certain  standard  blend — for 
example,  about  10  per  cent  of  an  antiknock  such  as  benzene  in 
a  low-value  spirit.  By  means  of  the  fuel  change-over  system 
already  described,  the  engine  is  switched  onto  the  10  per  cent 
blend  and  the  position  of  correct  feed — i.  e.,  feed  for  maximum 
pinking — determined.  It  is  then  run  alternately  on  each  fuel 
at  the  feeds  which  give  greatest  pinking,  and  the  audibilities 
are  compared.  If  the  blend  gives  a  heavier  intensity  than  the 
sample,  a  higher  value  blend  is  substituted  and  the  test  re¬ 
peated  until  a  suitable  match  is  obtained.  About  350  cc.  of 


Figure  5 — Effect  of  Feed  on  Highest  Useful 
Compression  Ratio  for  Different  Spirits 


fuel  may  be  needed  and  ten  to  twelve  samples  can  be  tested 
in  a  day. 

The  third  method  developed  on  engine  No.  Ill  depends  on 
the  use  of  the  Midgley  bouncing  pin  in  the  variable-com¬ 
pression  head. 

Note — Results  of  tests  with  a  variable-compression  engine  and  a  bounc¬ 
ing-pin  indicator  by  Campbell,  Lovell,  and  Boyd,  Ind.  Eng.  Chem.,  20, 
1045  (1928),  emphasize  the  importance  of  making  tests  at  the  air-fuel  ratio 
which  gives  maximum  pinking  and  at  a  compression  ratio  adjusted  to  suit 
the  sample  under  test. 


Figure  6 — Bouncing  Pin  Tests:  Relation  be¬ 
tween  Gas  Liberated  and  Fuel  Feed  for  Various 
Commercial  Benzene  Blends  and  a  Test  Sample 


It  is  essentially  a  system  of  matching  blends.  The  technic  is 
identical  with  that  previously  described  as  regards  adjustment 
of  feed,  but  the  amount  of  gas  collected  in  the  bouncing-pin 
voltameter  is  used  to  indicate  the  position  of  maximum  pinking 
and  to  show  when  a  blend  of  standards  has  been  obtained 
equivalent  in  value  to  the  sample  under  test. 

The  instrument  is  of  the  latest  type  in  which  the  piston 
originally  used  has  been  replaced  by  a  thin  steel  diaphragm. 
A  new  bouncing  pin  had  to  be  made  to  suit  the  length  of  the 
variable-compression  plug  of  the  engine  and  the  weight  of  this 
pin  has  been  kept  identical  with  the  original. 

For  several  weeks  results  were  negative.  In  some  cases 
there  appeared  to  be  more  bounce  with  a  high-value  than  with 
a  slightly  lower  value  fuel.  Several  contact-gap  settings  and 
operating  voltages  were  tried,  but  while  changes  of  blend 
equivalent  to  0.75  to  1  per  cent  benzene  were  detected,  results 
were  not  always  duplicable.  The  first  really  satisfactory 
comparisons  were  ob¬ 
tained  when  it  was  real¬ 
ized  that  it  was  essential 
to  run  the  engine  with 
pinking  considerably 
heavier  than  that 
adopted  for  audibility 
tests. 

Some  erratic  results 
were  traced  to  the  split¬ 
ting  of  a  diaphragm,  and 
when  this  was  replaced 
the  body  of  the  variable- 
compression  plug  above 
it  was  filled  with  kerosene 
for  cooling  purposes. 

This  arrangement  has 
since  run  without  any 
trouble,  except  that  oc¬ 
casionally  the  quantity  of  gas  is  erratic  due  to  a  fragment  of 
dirt  getting  between  the  diaphragm  and  pin,  to  local  uneven¬ 
ness  developing  on  the  contacts,  or  to  slight  engine-valve 
stickiness.  Such  irregularities  are  always  quickly  obvious  and 
have  no  effect  on  a  test  result. 

The  diaphragm  thickness  is  0.016  inch  (0.41  mm.)  and  the 
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Figure  7 — Bouncing  Pin  Tests:  Rela¬ 
tion  between  Benzene  Blends  and  Gas 
Liberated 
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exposed  diameter  7/16  inch  (11.1  mm.).  The  pin  weighs  31.5 
grams  and  the  contact  gap  is  set  to  between  0.007  and  0.008 
inch  (0.18  and  0.20  mm.).  The  voltage  across  the  contact 
gaps  is  55  and  the  current  is  limited  to  a  maximum  steady- 
value  of  2.5  amperes  by  a  series  resistance.  The  contact  gap 
is  shunted  with  a  0.1  microfarad  condenser.  Dilute  sulfuric 
acid  of  specific  gravity  1.24  is  used  in  the  voltameter  and  a 
little  alcohol  is  added  to  prevent  the  bubbles  of  gas  from 
sticking  to  the  walls  of  the  measuring  tube. 

The  sample  to  be  evaluated  is  first  tested  by  audibility  to 
determine  approximately  the  blend  of  standard  spirits  which 
it  resembles,  and  then  two  blends  of  the  standard  spirits  are 
made  up  one  a  little  above  and  one  a  little  below  the  value  of 
the  sample. 


Figure  8 — Effect  of  Ethyl  Fluid  on  Samples  of  Spirit  from 
Different  Sources 


The  engine  is  then  run  on  the  lower  blend  and  the  com¬ 
pression  ratio  increased  until  about  0.4  to  0.5  cc.  of  gas  is 
collected  per  minute  at  the  fuel  feed  which  gives  the  maximum 
volume.  Figure  6  shows  gas  collected  plotted  against  flow¬ 
meter  reading.  The  mean  of  at  least  three  consecutive  min¬ 
ute  readings  is  taken  for  each  fuel  setting. 

The  sample  and  the  second  blend  are  tested  in  the  same  way 
and  finally  check  tests  are  made  on  each  fuel  at  the  feeds  giv¬ 
ing  maximum  gas  collection.  Figure  7  shows  a  typical  test 
result  expressed  as  equivalent  percentage  of  antiknock  spirit  in 
low- value  standard  spirit.  About  a  0.5-liter  sample  is  needed 
for  this  method  and  a  single  test  may  occupy  an  hour  or  more. 
If  a  number  of  similar  samples  are  to  be  tested,  the  average 
time  for  a  test  is  considerably  reduced. 

The  4.0 :1  to  8.0:1  head  has  sufficient  range  to  include 
spirits  of  higher  value  than  any  sample  commercially  obtain¬ 
able  except  the  special  cases  of  some  racing  spirits  and  the 
higher  blends  with  aromatic  hydrocarbons  or  dopes. 

When  matching  blends  with  the  bouncing  pin,  care  must  be 
taken  not  to  test  by  blending  the  sample  itself  with  antiknock 
to  equal  a  higher  standard  unless  the  object  is  merely  to  pro¬ 
duce  the  higher  standard  blend.  Ricardo4  has  shown  that 
both  benzene  and  Ethyl  fluid  have  effects  which  vary  ac¬ 
cording  to  the  value  of  the  basic  spirit  to  which  they  are 
added.  It  is  also  found  that  if  a  low-value  spirit  is  blended 
with  an  antiknock  to  equal  a  higher  value  spirit  from  a  differ¬ 
ent  source,  it  does  not  necessarily  follow  that  equal  further 
additions  of  the  same  or  another  antiknock  to  the  two  will 
produce  equal  increments  of  value.  It  is  for  this  reason  that 
samples  cannot  be  accurately  compared  by  measuring  the 
amount  of  dope  required  to  raise  them  to  a  common  high 
standard. 

Figure  8  gives  curves  of  increase  of  compression  ratio  for 
three  spirits  with  additions  of  Ethyl  fluid.  One  cubic  centi- 

4  World  Power  Conference,  London,  1928. 


meter  per  liter  in  sample  1  raises  the  value  by  0.63  of  a  com¬ 
pression  ratio,  in  sample  2  by  1.04,  and  in  sample  3  by  0.70. 
Sample  3  was  made  initially  equal  to  sample  2  by  adding 
commercial  benzene  to  sample  1.  If  these  three  spirits  are 
tested  by  measuring  the  amount  of  ethyl  fluid  required  to 
make  them  match  at  a  compression  ratio  of  8:1,  they  will  be 
placed  in  the  order  2,  3,  1,  the  required  additions  being  0.82, 
1.28,  and  3.65  cc.  per  liter,  respectively.  At  7.12:1,  samples 
2  and  3  are  equal  and  are  better  than  sample  1  by  1.2  cc.  of 
Ethyl  fluid  per  liter. 

The  same  effect  is  noticed  with  proknock  substances.  Thus 
the  addition  of  0.1  per  cent  of  amyl  nitrite  reduces  the  value 
of  sample  1  by  0.3  of  a  compression  ratio  and  the  value  of 
sample  2  by  0.4  of  a  compression  ratio. 

Experimental  Error 

The  experimental  error  of  each  engine  was  determined  by 
making  a  large  number  of  tests  of  known  blends  of  commercial 
benzene  and  a  standard  straight-run  spirit.  Differences  in 
benzene  content  of  as  little  as  2.5  per  cent  were  introduced 
and  every  sample  was  retested  from  two  to  four  times.  The 
observers  were  not  aware  of  the  composition  of  any  blend 
until  the  entire  set  of  tests  was  complete. 

Engine  No.  I  gave  results  which  varied  from  the  mean  curve 
by  not  more  than  ±0.03  ratio — i.  e.,  by  about  2  per  cent 
commercial  benzene  in  the  standard  spirit,  or  ±1  per  cent 
pure  benzene  in  n-heptane. 

Engine  No.  II  gave  tests  varying  by  ±0.06  ratio  from  the 
mean — i.  e.,  by  about  ±2  per  cent  pure  benzene  in  heptane. 
As  experience  with  this  engine  increased  the  general  error 
became  much  less  and  is  now  rarely  greater  than  that  for 
engine  No.  I,  but  there  is  still  the  risk  of  an  occasional  ab¬ 
normal  result  due  to  the  pinking  being  taken  to  too  high  a 
degree  as  compared  with  the  comparison  standard. 


Figure  9 — Curve  of  Power  Output  and  Consumption  with  Straight- 
Run  and  Cracked  Spirits,  Showing  Positions  of  Maximum  Pinking 


Engine  No.  Ill  gave  the  same  error  as  No.  II  in  terms  of 
compression  ratio  but  only  ±1.5  per  cent  in  terms  of  benzene 
in  heptane.  This  difference  is  due  to  the  progressive  increase 
of  compression  ratio  reducing  the  pocket  under  the  variable 
compression  plug  and  thus  improving  the  shape  of  the  com¬ 
bustion  space  at  the  higher  ratios  and  reducing  the  length  of 
flame  travel.  This  increase  of  sensitivity  is  also  noticed  on 
engine  No.  II  as  compared  with  No.  I,  but  only  to  a  marked 
extent  beyond  1.0  compression  ratio  above  the  useful  limit  for 
the  straight-run  standard  spirit  (Figure  12). 

The  error  of  the  matching  method  by  audibility  is  of  the 
same  order  as  the  method  of  counting  used  on  engine  No.  I — 
i.  e.,  about  ±0.03  compression  ratio. 

It  is,  of  course,  obvious  that  an  average  of  duplicate  tests 
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will  give  greater  accuracy  by  any  method,  but,  apart  from 
considerations  of  time,  there  are  many  cases  where  the  supply 
of  fuel  is  insufficient  for  more  than  a  single  test  or  a  test  of 
each  of  a  series  of  blends. 

Determinations  with  the  bouncing  pin  with  identical  sam¬ 
ples  on  several  different  runs  show  that  the  maximum  error 
for  a  single  test  by  this  method  is  less  than  ±0.01  ratio  or 
about  ±0.25  per  cent  benzene  in  heptane.  This  accuracy  is 
obtainable  either  for  normal  spirits,  cracked  spirits,  or  for 
kerosenes  without  any  difficulty. 

Influence  of  Controllable  Variables 

Fuel  Feed — Among  the  controllable  variables  of  an  engine, 
the  effect  of  fuel  feed  or  air-fuel  ratio  has  already  been  men¬ 
tioned.  Figure  5  shows  that  if  the  two  fuels  had  been  tested 
in  an  engine  with  a  standard  fixed-jet  carbureter  adjusted  to 
give  maximum  pinking  with  the  sample  fuel,  then  the  higher 
value  spirit  would  have  given  a  test  result  lower  than  the 
standard  by  an  amount  a-c — i.  e.,  the  error  would  be  as  high 
as  0.28  compression  ratio.  Errors  of  this  sort  are  particularly 
liable  to  arise  when  non-ad justable  jets  are  fitted  or  when 
multi-cylinder  engines  are  used  with  the  throttling  method. 
It  is  generally  assumed  that  maximum  pinking  coincides  with 
maximum  power  output.  This  appears  almost  invariably  to 
be  the  case  with  engine  No.  I  but  slight  differences  have  been 
noticed  with  engines  Nos.  II  and  III. 

Figure  9  shows  a  fuel-consumption  power  output  curve  for 
the  Ricardo  engine  (No.  II)  given  by  a  straight-run  spirit  and 
by  a  cracked  spirit  of  less  volatility  and  high  end  point.  The 
power  output  is  identical  from  each  fuel,  but  the  points  of 
maximum  pinking  differ  and  vary  not  only  with  the  fuels  used 
but  with  the  intake  air  temperature.  Consistent  results 
can,  however,  always  be  obtained  from  any  of  the  engines  if 
the  feed  is  adjusted  to  give  maximum  audibility,  and  irregu¬ 
larities  arise  if  the  air-fuel  ratio  is  adjusted  to  give  maximum 
output. 

Spark  Plugs — The  selection  of  a  suitable  spark  plug  may 
be  of  considerable  importance.  Engine  No.  I  works  well  with 
a  K.  L.  G.  type  E.  L.  T.  plug.  This  is  a  long-reach  design 
and  gives  no  trouble  for  ratios  up  to  about  5.5  to  1 .  At  higher 
compression  ratios  a  special  plug  with  greater  heat-resisting 
properties  is  needed. 

Engine  No.  Ill  has  run  throughout  on  a  standard  Lodge 
CB3  plug  which  is  in  a  completely  jacketed  pocket. 

Engine  No.  II  was  originally  fitted  with  a  K.  L.  G.  type  210 
plug  and  failures  of  both  this  and  the  214  type  were  frequent. 
After  several  months  it  was  noticed  that  pre-ignition  with 
non-pinking  fuels  always  occurred  at  or  below  10:1  compres¬ 
sion  ratio  and  that  irregular  running  was  frequent  between 
8:1  and  10:1. 

During  a  series  of  tests  on  blends  of  pure  benzene  and 
paraffin  hydrocarbons  it  was  noted  that  at  a  ratio  of  9:1  the 
engine  continued  to  run  at  1700  r.  p.  m.  even  if  the  ignition  was 
switched  off,  it  being  difficult  to  decide  that  the  combustion 
noise  was  not  continuous  moderate  pinking.  The  essential 
difference  between  pinking  and  pre-ignition  was  that  the 
former  disappeared  as  speed  increased  whereas  the  latter  grew 
worse.  At  1800  r.  p.  m.  the  pre-ignition  was  so  bad  as  re¬ 
peatedly  to  reduce  the  speed  violently  by  200  to  300  r.  p.  m. 
When  the  speed  was  adjusted  to  1600  r.  p.  m.,  the  engine  ran 
quite  steadily  with  normal  ignition.  The  compression  plug 
was  then  drilled  out  to  take  a  plug  with  18-mm.  thread 
diameter  and  the  K.  L.  G.  Company  cooperated  in  a  series  of 
tests  with  their  range  of  special  racing  plugs.  The  first  two 
failed  owing  to  carbon  deposit  on  the  electrodes.  They  were 
overcooled  for  the  engine.  The  third  plug  (K.  L.  G.  464) 
allowed  the  head,  for  the  first  time,  to  be  taken  up  to  11.9:1 
(the  maximum  compression  ratio)  without  the  least  sign  of 


pre-ignition  on  commercial  benzene  and  other  non-pinking 
fuels.  The  speed  could  then  be  increased  from  1700  r.  p.  m., 
and  at  2400  r.  p.  m.  the  running  was  still  quite  smooth. 

This  plug  gave  trouble  with  carbon  at  low  ratios  and  was 
replaced  by  K.  L.  G.  396  which  is  a  detachable  model.  It  can 
be  used  at  the  maximum  ratio  on  benzene  without  trouble  at 
1700  r.  p.  m.  but  pre-ignition  develops  at  2200  r.  p.  m.  It  has 
now  been  in  regular  use  for  several  weeks  without  a  single 
misfire  and  withstands  prolonged  testing  of  racing  spirits  at 
extremely  high  ratios. 

The  selection  of  plugs  is  not  likely  to  affect  test  results  from 
average  spirits,  but  it  is  of  particular  importance  at  high 
ratios  and  for  fuels  where  auto-ignition  is  suspected. 


Figure  10 — Effect  of  Alteration  to  Inlet  Air 
Temperature  on  Highest  Useful  Compression 
Ratio 


Engine  Speed — Engine  speeds  have  been  chosen  in  each 
case  with  regard  to  torque  characteristics  and  general  mechani¬ 
cal  noise. 

Engines  Nos.  I  and  III  are  run  at  1200  and  750  r.  p.  m., 
respectively.  These  speeds  give  approximately  maximum 
pinking,  there  being  a  decrease  of  audibility  with  both  rising 
and  falling  speed.  Neither  engine  is  affected  appreciably  by 
small  changes  of  speed. 

Engine  No.  II  is  run  at  1700  r.  p.  m.  and  pinking  increases 
steadily  to  1300  r.  p.  m.,  the  lowest  speed  at  which  tests  have 
been  made.  A  change  of  100  r.  p.  m.  alters  the  compression 
ratio  for  standard  audibility  by  about  0.1. 

Air  Intake  and  Water  Temperatures — Ricardo6  has 
emphasized  the  need  for  air-intake  heating  to  obtain  con¬ 
sistent  results.  The  addition  of  a  standard  number  of  heat 
units  to  the  air  entering  the  carburetor  has  been  found  to  make 
as  much  as  30°  F.  (17°  C.)  difference  between  morning  and 
afternoon  intake  temperatures  in  summer,  and  nearly  50°  F. 
(28°  C.)  between  extreme  winter  and  summer  conditions. 
The  effect  of  this  variation,  as  far  as  it  has  been  examined,  is 
to  increase  the  difference  between  the  highest  useful  com¬ 
pression  ratios  of  two  fuels  as  the  intake  air  temperature  is 
increased.  Figure  10  shows  the  relation  between  compression 
ratio  and  intake  temperature  for  a  series  of  fuels  including 
typical  aviation  spirit,  No.  1  spirit,  cracked  spirit  of  poor 
volatility,  and  kerosene.  The  actual  value  of  intake-air 
temperature  is  not  nearly  so  important  if  tests  are  made  by 
matching  the  samples  with  equivalent  standard  blends  pro¬ 
vided  that  the  temperature  is  maintained  at  a  constant  value. 

Note — Recent  tests  have  shown  that  spirits  which  are  equal  as  regards 
antiknock  value  at  a  low  water-jacket  and  inlet-air  temperature  may  differ 

6  Empire  Motor  Fuels  Committee  Report,  Institution  of  Automobile 
Engineers,  1924. 


104 


ANALYTICAL  EDITION 


Vol.  1,  No.  2 


slightly  at  high  jacket  and  air  temperatures.  The  difference  is  unimportant 
and  is  most  marked  when  comparisons  are  made  between  blends  of  low-value 
spirit  and  benzene  and  equivalent  blends  of  low-value  spirit  and  metallic 
dopes. 

The  standard  intake  temperature  which  has  been  adopted  for 
all  routine  tests  of  spirit  is  120°  F.  (48.9°  C.)  and  is  measured 
by  a  thermometer  shielded  from  heater  radiation  and  from 
carburetor  blowback.  Kerosenes  are  tested  at  180°  F. 
(82.2°  C.).  Water  jacket  and  head  temperatures  are  main¬ 
tained  at  120°  F.  for  spirits  and  180°  F.  for  kerosenes. 

Change  of  water-jacket  temperature  has  a  similar,  but 
much  less  marked  effect  to  that  caused  by  alteration  of  air 
inlet  temperature. 

Ignition  Setting — For  routine  tests  engine  No.  I  is 
operated  with  ignition  positions  of  37.5,  40,  and  42.5  degrees 


JDc<;Rees  IqrvirioN  Aovrncc. 

Figure  11 — Relation  between  (a)  Ignition  Advance  and 
Power  Output  at  5.4:1;  (6)  Ignition  Advance  and  Power 
Output  with  Compression  Adjusted  to  Standard  Pinking 
for  Each  Value;  (c)  Alteration  in  Ratio  Corresponding  to  (b) 

before  top  center,  40  degrees  being  approximately  the  setting 
for  optimum  output  on  standard  spirit  at  its  highest  useful 
compression  ratio.  Engine  No.  II  is  run  with  a  setting  of  30 
degrees  and  No.  Ill  with  20  degree  advance,  these  also  being 
values  for  highest  output  on  standard  reference  spirit  at  the 
highest  useful  compression  ratio. 

The  settings  are  kept  constant  at  all  other  ratios,  for  two 
reasons:  First,  although  a  more  retarded  spark  will  increase 
output  at  high  ratios,  it  also  reduces  pinking.  Each  engine 
will  run  without  either  pinking  or  pre-ignition  on  suitable  fuel 
at  its  maximum  ratio  and  standard  ignition  setting,  and  re¬ 
tardation  to  obtain  maximum  power  output  reduces  the  avail¬ 
able  range  of  the  engines. 

Secondly,  the  ignition  setting  for  maximum  power  output 
at  standard  audibility  is  not  very  sharply  defined,  although 
the  sharpness  varies  with  the  engine.  In  cases  such  as 
engines  Nos.  II  and  III  where  the  power  output  is  small,  it  is 
impossible  to  determine  the  maximum  value  to  nearer  than 
±2  degrees,  but  an  error  of  4  degrees  makes  0.17  of  compres¬ 
sion-ratio  difference  (by  the  audibility  method).  There  is 
therefore  less  risk  of  error  if  a  fixed  ignition  setting  is  used 
(or  a  fixed  series  of  settings  for  the  counting  method  used  on 
engine  No.  I). 

Figure  11  shows  the  relation  between  ignition  setting  and 
power  output  of  engine  No.  II  running  on  standard  spirit  with 
the  head  adjusted  to  (a)  a  non-pinking  position,  and  (6)  to 
standard  pinking  audibility  for  each  ignition  setting.  The 
same  diagram  also  shows  the  change  in  compression  ratio 
necessary  to  compensate  for  alteration  of  ignition  if  constant 
pinking  is  maintained. 

The  difference  between  the  best  ignition  advance  for  one 
fuel  and  another  at  the  mixture  strength  for  maximum  pinking 
is  not  considered  sufficient  to  justify  any  deviation  from  a 
standard  setting,  since  the  increase  of  experimental  error  with 
variable  ignition  more  than  offsets  any  possible  gain  in  ac¬ 
curacy  of  comparison. 

Figure  12  shows  the  relation  between  increase  of  compres¬ 


sion  ratio  and  percentage  of  commercial  benzene  in  standard 
spirit  for  each  engine.  It  indicates  that  there  is  no  direct 
method  of  comparing  compression  ratio  figures  from  one 
engine  with  those  from  another. 

Given  a  standard  air-intake  temperature  to  the  carburetors, 
constant  speeds,  fixed  ignition,  and  operation  at  an  air-fuel 
ratio  giving  maximum  pinking  under  these  conditions,  then 
there  is  no  difference  between  test  results  from  any  of  the 
three  engines  when  values  are  expressed  in  terms  of  the  pro¬ 
portions  of  standard  reference  hydrocarbons  required  to  make 
a  blend  to  match  the  sample  under  test.  This  statement  is 
based  on  a  large  number  of  tests  and  repeat  tests  with  spirits, 
kerosenes,  and  doped  spirits.  The  only  observed  exception 
is  a  slight  difference  between  results  from  the  counting  method 
on  engine  No.  I  and  the  audibility  or  bouncing-pin  tests  on 
the  other  engines,  when  testing  blends  of  certain  classes  of 
cracked  spirit.  In  this  case  the  difference  does  not  exceed 
1.25  per  cent  of  benzene  in  heptane  (0.04  ratio  on  engine 
No.  I). 

Road  Tests  for  Pinking 

Road  tests  on  different  cars  are  particularly  liable  to  give 
contradictory  results.  Rough  approximations  to  values 
from  research  engines  may  be  obtained  with  a  car  fitted  with 
an  engine  having  a  well-designed  induction  system  if  the 
carburetor  is  set  to  give  the  weakest  stable  running  mixture  at 
full  throttle  and  provided  that  tests  are  only  made  when 
temperature  conditions  have  become  steady. 

A  skilled  observer  can  generally  detect  a  change  equivalent 
to  an  addition  of  5  per  cent  benzene  by  noting  the  highest 
speed  at  which  sudden  opening  of  the  throttle  causes  a  definite 
degree  of  pinking. 


Figure  12 — Relation  between  Added  Commer¬ 
cial  Benzene  and  Increase  of  Highest  Useful 
Compression  Ratio  for  Engines  I,  II,  and  III 


Fundamental  Standard  Fuels 

Hitherto  it  has  been  customary  for  investigators  to  use  as 
their  standard  reference  fuel  some  spirit  readily  available  to 
them  in  consistent  quality;  this  has  generally  taken  the 
form  of  a  definite  refinery  cut  from  a  definite  crude  oil — pref¬ 
erably  one  which  pinks  at  a  low  compression  ratio.  For 
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experimental  purposes  it  is  then  blended  with  controlled 
proportions  of  an  antiknock  material  such  as  benzene  or  lead 
tetraethyl. 

The  serious  disadvantage  of  this  procedure  is  obvious.  It 
implies  that  even  if  the  standard  fuel  really  remains  con¬ 
sistent,  it  is  not  available  in  different  parts  of  the  world  and 
is  therefore  an  arbitrary  and  unscientific  standard.  The 
valuable  contribution  of  Edgar6  to  this  problem — -namely, 


Figure  13 — Effect  on  Highest  Useful  Compression  Ratio  of 
Alteration  of  Controllable  Variables 


that  n-heptane  (a  low-value  hydrocarbon  obtainable  in  a 
high  state  of  purity  from  the  Jefferson  pine)  and  2,4,4- 
trimethylpentane  (an  octane  which  can  be  prepared  syn¬ 
thetically  and  which  resembles  benzene  in  its  antiknock 
qualities)  should  be  used  as  the  fundamental  standards,  is 
well  known,  but  owing  to  the  considerable  cost  and  difficulty 
of  obtaining  these  materials,  especially  the  octane,  the  pro¬ 
posal  has  not  yet  been  widely  adopted.  It  would  seem  much 
more  advantageous  to  use,  instead  of  the  costly  octane,  the 
hydrocarbon  benzene,  which  can  be  obtained  cheaply  in  a  high 
state  of  purity,  which  can  be  readily  checked  by  testing  the 
freezing  point  of  the  material. 

Whatever  fundamental  standards  are  ultimately  adopted, 
the  following  considerations  hold: 

(а)  The  standards  when  suitably  blended  should  cover  the 
entire  range  of  motor  fuels  liable  to  pinking. 

(б)  They  should  be  reliable  (this  implies  that  they  should 
be  pure  chemical  substances)  and  cheap.  If  low  cost  is  not 
possible,  a  suitable  sub-standard  range  should  be  available. 
iV-heptane  and  pure  benzene  are  suggested  as  suitable  hydro¬ 
carbons  by  which  the  complete  range  of  fuels  can  be  matched. 

(c)  A  standard  method  of  stating  the  effect  of  blends  of  anti¬ 
knock  substances  should  be  universally  adopted. 

For  general  work  substandards  prepared  from  any  locally 
available  spirit  of  average  quality,  with  benzene  or  a  proknock 
(such  as  amyl  nitrite)  should  suffice.  Each  fresh  supply  of 
substandard  material  should  be  tested  against  the  funda¬ 
mental  heptane-benzene  blends  over  a  suitable  range,  all  test 
results  being  expressed  in  terms  of  heptane-benzene. 

It  is  frequently  necessary  to  determine  the  effect  of  different 
percentages  of  blending  material  on  a  basic  spirit.  For 
commercial  work  such  tests  will  naturally  be  made  on  the 
spirits  in  which  an  individual  refinery  is  especially  interested, 

•  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  76th 
Meeting  of  the  American  Chemical  Society,  Swampscott,  Mass.,  September 
10  to  14,  1928. 


but  for  research  purposes  when  high  accuracy  and  consistency 
are  necessary,  the  blends  should  be  made  with  a  pure  hydro¬ 
carbon.  If  this  is  not  done,  inconsistencies  will  arise  owing 
to  differences  in  the  chemical  constitution  of  the  basic  spirits, 
even  though  these  have  the  same  antiknock  value,  for  equal 
amounts  of  antiknock  substances  may  have  different  effects 
on  two  spirits  of  different  chemical  nature.  Results  should  be 
expressed  in  terms  of  equivalent  blends  of  heptane-benzene, 
but  should  include  reference  both  to  the  substance  under  test 
and  the  material  used  for  blending. 

There  still  remains  urgent  need  both  for  the  development  of 
a  manufacturing  method  for  producing  a  pure  and  pinking 
hydrocarbon  in  abundant  quantity  at  a  reasonable  cost  (in 
view  of  the  relative  scarcity  and  high*  price  of  heptane)  and 
also  for  the  establishment  by  appropriate  authorities  in 
England,  America,  and  other  countries  concerned,  of  a 
universally  agreed  method  of  testing  and  recording  the 
detonating  qualities  of  a  motor  fuel. 

Conclusions 

1 —  Divergencies  between  results  from  different  laboratories 
are  probably  due  to  failure  properly  to  control  variables  on 
account  of  lack  of  appreciation  of  the  effect  of  these  variables. 
In  order  of  importance  they  are  mixture  strength,  ignition 
setting  (where  this  is  varied),  speed,  air-intake  temperature, 
and  water-jacket  temperature  (Figure  13). 

2 —  Methods  of  test  vary  in  accuracy,  and  calibration  of 
each  in  this  respect  is  desirable.  It  is  possible  to  obtain 
consistent  results  with  a  sensitivity  equal  at  least  to  ±0.25 
per  cent  of  benzene  in  heptane — i.  e.,  a  compression  ratio 
variation  of  about  ±0.01. 

3 —  Values  expressed  in  terms  of  compression  ratio  or  differ¬ 
ences  between  compression  ratios  apply  strictly  only  to  the 
engines  on  which  the  tests  are  made. 

4 —  Matching  of  a  sample  against  standard  blends  by 
audibility  or  bouncing-pin  methods  should  be  at  a  compression 
ratio  giving  pinking  with  the  sample.  Large  errors  may  arise 
if  the  antiknock  values  of  two  spirits  from  different  sources 
are  compared  by  determining  the  amount  of  an  antiknock 
required  to  bring  each  to  a  much  higher  standard. 

5 —  The  bouncing  pin,  operated  from  a  diaphragm,  appears 
to  be  the  most  accurate  apparatus  for  evaluating  samples  in 
terms  of  standard  hydrocarbon  blends.  It  can  be  used  with¬ 
out  fatigue,  it  is  independent  of  engine  noise,  and  it  needs  very 
little  attention  to  secure  consistent  results.  Faulty  operation 
is  immediately  obvious  and  can  generally  be  traced  to  its 
source  (engine  or  pin)  at  once. 

6 —  If  it  is  desired  to  express  the  pinking  tendencies  of  a  fuel 
in  terms  of  a  scale  of  compression  ratios,  the  scale  should  be 
determined  on  an  engine  with  a  well-designed  head  and  results 
should  be  expressed  in  compression-ratio  differences  between 
samples  rather  than  in  absolute  values.  This  system  lacks 
the  accuracy  of  the  matching  method  but  gives  fairly  close 
agreement  for  normal  designs  of  variable  compression  head. 
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A  Temperature-Recording  Micropress  for  Studying 

the  Course  of  Vulcanization' 


James  C.  Walton 

Boston  Woven  Hose  and  Rubber  Company,  Cambridge,  Mass. 


A  SURVEY  of  the  exten¬ 
sive  literature  on  the 
nature  of  vulcaniza¬ 
tion  reveals  the  fact  that, 
almost  without  exception, 
work  on  this  problem  has  been 
confined  to  purely  analytical 
methods  of  attack.  This 
classical  chemical  procedure 
shows  only  the  final  result  of 
vulcanization — that  is,  the 

sum  of  all  changes  that  have  taken  place— and  thus  ignores 
changes  in  the  degree  of  dispersion,  an  inversion  of  phases,  and 
other  changes  which  may  be  of  fundamental  importance  but 
which  cannot  be  detected  by  the  older  chemical  methods. 

Microscopic  investigation,  on  the  other  hand,  offers  a  new 
method  of  attack,  with  many  possibilities,  inasmuch  as  it 
permits  observation  of  the  progressive  changes  that  take 
place  throughout  the  vulcanizing  process  and  leads  to  a 
better  knowledge  of  colloidal  changes,  which  may  in  them¬ 
selves  be  sufficient  to  explain  vulcanization.  Weber2  was 
the  first  to  recognize  the  insufficiency  of  analytical  methods, 
and  he  introduced  the  microscope  in  the  study  of  the  bloom¬ 
ing  of  sulfur.  This  technic  was  later  utilized  by  Breuil,3 
Loewen,4  and  Regnaud.5  All  these  investigators  first  heated 
their  samples  in  an  oven  and  then  subjected  them  to  micro¬ 
scopical  examination;  hence  no  simultaneous  curing  and 
microscopical  observation  was  possible. 

It  was  only  during  the  past  year  or  so  that  further  work 
was  done  along  this  fine  by  Hauser  and  by  Dannenberg. 
The  micropress  developed  by  Hauser6  employs  steam  as  the 
heating  medium.  In  this  equipment  the  temperature  of  the 
sample  is  found  from  the  temperature-pressure  relation  of 
saturated  steam,  and  accordingly  this  apparatus  can  only  be 
used  for  work  above  100°  C.  Since  the  press  was  designed 
for  curing  at  one  definite  temperature,  it  is  not  adaptable  to 
temperature  measurement  where  the  temperature  is  rapidly 
changed.  Dannenberg7  devised  an  electrically  heated  micro¬ 
press  which  permits  the  examination  of  the  sample  through¬ 
out  the  curing  operation.  With  this  equipment  the  tem¬ 
perature  of  the  sample  is  found  by  inserting  a  thermometer 
in  a  small  hole  in  the  apparatus  midway  between  the  heating 
coil  and  the  sample.  Because  of  the  location  of  the  ther¬ 
mometer  and  because  no  account  is  taken  of  such  factors  as 
rate  of  heating  and  radiation  and  convection  losses,  this 
method  of  measurement  does  not  give  the  true  temperature 
of  the  sample. 

The  ideal  equipment  for  microscopic  vulcanization  would 
be  one  which,  first,  would  permit  the  accurate  recording  of 
the  temperature  of  the  sample  over  a  range  of  30°  to  170°  C., 

1  Presented  under  the  title  “Microscopical  Observations  on  the  Vul¬ 
canization  of  Sulfur-Free  Rubber  Compounds”  before  the  Division  of  Rub¬ 
ber  Chemistry  at  the  76th  Meeting  of  the  American  Chemical  Society, 
Swampscott,  Mass.,  September  10  to  14,  1928. 

2  Weber,  “Chemistry  of  India  Rubber,”  p.  110,  London,  1919. 

3  Breuil,  Caoutchouc,  2,  82,  118,  158,  197  (1905). 

4  Loewen,  Gummi-Ztg.,  27,  1301  (1913). 

5  Regnaud,  Chimie  et  industrie,  18,  93T  (1927). 

8  Hauser,  “Colloid  Symposium  Monograph,”  Vol.  VI,  p.  207  (1928). 
7  Dannenberg,  Kautschuk,  3,  104,  128  (1927). 


A  new  temperature-recording,  electrically  heated 
micropress  for  use  in  connection  with  the  microscopical 
observation  of  vulcanization  is  described.  This  instru¬ 
ment  permits  the  duplication  of  press  cures  on  a  small 
scale  and  renders  it  possible  to  determine  the  tempera¬ 
ture  at  which  various  changes  take  place  during  cure. 

The  vulcanization  of  several  non-sulfur  mixtures  is 
studied,  certain  differences  in  behavior  being  noticed 
between  this  type  of  cure  and  that  of  mixtures  contain¬ 
ing  sulfur. 


and  in  which,  second,  the  sam¬ 
ple  could  be  kept  at  any  de¬ 
sired  temperature. 

The  micropress  described 
below  utilizes  a  thermocouple 
to  measure  the  temperature 
of  the  sample  and  thus  fulfils 
both  of  the  requirements  out¬ 
lined  above. 

Description  of  Micropress 


The  micropress,  shown  in  modified  cross  section  in  Figure 
1,  consists  of  three  parts:  the  top  portion,  A,  around  which 
the  chromel  heating  coil  is  wound,  the  middle  member,  B, 
in  which  the  thermocouple  is  incorporated,  and  the  bottom 
part,  C,  which  holds  the  sample. 

The  top  part  is  shaped  like  an  annular  ring  and  is  grooved 
on  the  outside  to  permit  the  winding  of  the  chromel  resist¬ 
ance  which  constitutes  the  heating  coil.  In  order  to  show 
more  clearly  the  construction  of  the  apparatus,  it  has  been 
drawn  without  the  asbestos  lagging,  which  in  practice  covers 
the  top  and  side  of  the  member  A  in  order  to  confine  the  heat 
and  to  protect  the  objective  of  the  microscope. 

The  middle  member,  B,  is  cup-shaped  to  permit  the  focus¬ 
ing  of  the  microscope  on  the  sample.  A  thermocouple  is 
incorporated  in  this  member  by  inserting  an  iron  and  a  con- 
stantan  wire  in  this  member  so  that  their  ends  are  just  flush 
with  the  metal  surface  which  fits  over  the  sample. 

The  bottom  section,  C,  is  recessed  to  receive  the  sample,, 
which  is  placed  between  a  circular  slide  and  cover  glass. 
A  small  hole  is  bored  through  both  bottom  and  middle  mem¬ 
bers  in  order  to  allow  the  light  from  the  condenser  to  pass 
through  the  sample  and  up  into  the  microscope. 

It  is  evident  that  the  middle  member,  which  is  made  of 
mild  steel  and  has  inserted  in  it  an  iron  and  a  constantan 
wire,  acts  as  the  hot 
junction  of  the  ther- 
mocouple.  Both 
wires  are  insulated 
and  attached  to  the 
terminals  of  a  milli- 
voltmeter,  0  to  10 
millivolts  range, 
which  act  as  the  cold 
junction  of  the  couple. 

The  thermocouple 
as  constructed  records 
the  temperature  of 
only  that  part  of  the 
hot  junction  exposed 
to  the  air,  and  since 
this  is  far  from  the  temperature  of  the  sample  it  was  neces¬ 
sary  to  calibrate  it.  This  was  done  by  placing  organic  crys¬ 
tals  of  known  melting  point  between  a  slide  and  cover  glass- 
in  the  same  position  as  the  rubber  sample.  Current  was 
applied  to  the  heating  coil  and  the  melting  of  the  crystals 
was  observed  microscopically,  the  millivolt, meter  reading 
being  taken  at  the  time  the  crystals  melted.  A  number  of 
crystals  of  wide  melting  range  were  used  in  the  calibration, 


Figure  1 — Cross  Section  of  Micropress 
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Figure  4 — Mixture  II  after  Cooling  Following  Cure.  750  X 


and  a  curve  was  determined  for  the  temperature  range  usually 
encountered  in  vulcanization — viz.,  30°  to  170°  C. 

In  using  the  apparatus,  the  sample  is  placed  between  a 
circular  slide  and  cover  glass  and  is  placed  in  the  recess  in 
the  bottom  member.  The  middle  portion  is  next  put  in 
position  over  the  sample  and  the  bottom  screwed  into  the 
top  member.  These  parts  are  screwed  together  until  the 
sample  is  compressed  or  squeezed  out  sufficiently  thin  to 
permit  light  from  the  condenser  to  pass  through  the  sample. 

Curing  Agent 

Most  of  the  work  done  in  the  study  of  vulcanization  has 
been  carried  out  with  sulfur  as  the  curing  agent.  Ostro- 
muislenskii,8  Stevens,9  and  Fisher  and  Gray10  have  shown, 
however,  that  it  is  possible  to  vulcanize  rubber  with  non- 

8  Ostromuislenskii,  J.  Soc.  Chern.  Ind.,  35,  59,  369  (1916). 

9  Stevens,  Ibid.,  36,  107  (1917). 

10  Fisher  and  Gray,  Ind.  Eng.  Chbm.,  20,  294  (1928). 


sulfur  compounds  such  as  m-dinitrobenzene  and  benzoyl 
peroxide,  the  physical  properties  of  the  cured  rubber  being 
similar  to  those  of  rubber  vulcanized  with  sulfur. 

Experimental 

The  following  experimental  work  is  by  no  means  complete, 
but  was  performed  in  an  endeavor  to  demonstrate  the  possi¬ 
bilities  of  micro-vulcanization  in  the  equipment  described. 
Incidentally,  it  shows  the  effect  of  non-sulfur  compounds  as 
curing  agents. 

Five  mixtures  were  cured,  mixture  I  being  a  control  to 
judge  the  state  of  vulcanization  of  those  mixtures  cured 
with  non-sulfur  agents. 


I 

II 

Ill 

IV 

V 

Smoked  sheets 

100 

100 

100 

100 

100 

Sulfur 

3 

#  , 

,  # 

Litharge 

10 

10 

10 

#  , 

.  . 

m-Dinitrobenzene 

•  • 

3 

3 

3 

3 

Diphenylguanidine 

.  . 

. . 

1 

. . 

1 
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Figure  6 — Mixture  IV  Heated.  750  X 


Figure  7 — Mixture  IV  on  Cooling  Following  Cure.  750  X 


These  mixtures  were  cured  60,  90,  and  120  minutes  at  145°  C. 
in  a  press. 

During  cure  mixture  I  showed  no  increase  in  dispersion  of 
the  litharge,  the  only  change  observable  being  a  coating  of 
the  litharge  particles  by  a  layer  of  lead  sulfide,  with  a  con¬ 
sequent  darkening  of  the  slide.  This  conforms  with  Pohle’s11 
assertion  that  during  cure  some  compounding  ingredients 
cause  a  chemical  reaction  which  is  confined  to  the  surface 
of  the  reacting  substances.  In  the  case  of  this  compound 
there  is  no  reappearance  after  cure  of  colloidal  sulfur  and  no 
recrystallization  of  this  element.  A  further  study  of  this 
type  of  mixture  would  probably  throw  some  light  on  the 
fact,  known  in  the  rubber  footwear  and  topping  industries, 
that  litharge  stocks  are  much  less  susceptible  to  bloom  than 
mixtures  cured  with  organic  accelerators. 

Mixtures  II  and  III  were  found  to  cure,  but  no  cure  was 
effected  in  the  case  of  mixtures  IV  and  V,  the  criterion  of 
cure  being  that  the  vulcanized  mixture  had  nerve,  elasticity, 
and  tensile  strength  of  the  same  order  of  magnitude  as  the 
rubber-sulfur-litharge  control  mixture. 

The  photomicrograph  (Figure  2)  shows  mixture  II  before 
cure,  the  ?w-di nitrobenzene  being  present  as  light-colored 
needles,  while  the  dark  particles  are  litharge.  When  the  mix¬ 
ture  is  heated  (Figure  3)  the  m-dinitrobenzene  melts  at  40  °  C. 
and  a  flow  similar  to  that  observed  with  sulfur  cures  takes 
place.  No  change  in  the  degree  of  dispersion  is  discernible. 
When  the  mixture  cools  down  after  cure  (Figure  4)  minute 
colloidal  droplets  appear,  but  no  recrystallization  of  the  771- 
dinitrobenzene  takes  place. 

Figure  5  shows  mixture  IV,  rubber  and  m-dinitrobenzene, 
before  cure.  When  this  mixture  is  heated  at  145°  C.  for 
2  hours,  the  m-dinitrobenzene  melts  and  an  optically  empty 
picture  is  obtained  (Figure  6).  No  vulcanization  takes 
place,  and  on  cooling  an  immediate  reappearance  of  m-dini¬ 
trobenzene  crystals  is  observed  (Figure  7). 

Mixture  V  acts  in  the  same  manner,  no  cure  taking  place  and 
the  m-dinitrobenzene  recrystallizing  when  the  mixture  cools. 

It  would  appear  that  an  activator  such  as  a  metallic  oxide — • 
e.  g.,  litharge — is  necessary  to  secure  a  cure  with  m-dinitro¬ 
benzene,  and  that  diphenylguanidine,  a  substance  which 
accelerates  vulcanization  with  sulfur,  has  no  appreciable 
effect  with  the  compound  above. 

11  Pohle,  Z.  wiss.  Mikroskop.,  44,  183  (1927). 


The  following  two  mixtures  were  cured  in  order  to  observe 
the  vulcanization  of  rubber  with  benzoyl  peroxide: 


VI  VII 

Smoked  sheets  100  100 

Benzoyl  peroxide  62/3  62/3 

Diphenylguanidine  ....  1 


Each  mixture  was  vulcanized  15  minutes  at  130°  C.,  and  15 
minutes  at  145°  C.  in  a  press.  A  cure  was  effected  according 
to  the  criterion  set  forth  above. 

Benzoyl  peroxide  more  closely  resembled  sulfur  in  that  it 
was  capable  of  vulcanizing  rubber  without  the  necessity  of 
an  activating  agent  such  as  litharge.  On  heating  the  benzoyl 
peroxide  melted  at  54°  C.,  and  upon  cooling  down  after 
cure  it  recrystallized  in  a  manner  very  similar  to  sulfur  re¬ 
crystallization  from  a  rubber-sulfur  mixture.  Diphenyl¬ 
guanidine  had  no  effect  on  cure  and  no  difference  was  dis¬ 
cernible  between  mixtures  VI  and  VII. 

Conclusions 

A  microscopic  study  of  the  course  of  vulcanization  offers 
many  possibilities,  especially  since,  by  its  aid,  the  progressive 
changes  which  take  place  during  vulcanization  can  be  fol¬ 
lowed.  Using  the  micropress  described  above,  it  is  possible 
to  observe  these  changes  and  to  record  the  temperature  at 
which  they  take  place. 

A  rubber-sulfur-litharge  mixture  after  cure  exhibits  no  re¬ 
crystallization  of  sulfur  even  when  cured  for  a  very  short 
time.  A  further  microscopical  study  of  the  vulcanization  of 
this  type  of  rubber  mixture  may  yield  an  explanation  of  the 
bloom-preventing  properties  of  litharge. 

m-Dinitrobenzene  and  benzoyl  peroxide  both  vulcanize 
rubber  in  the  absence  of  sulfur.  The  former  requires  an 
activator  such  as  litharge  and  does  not  recrystallize  from  the 
mixture  when  a  cure  is  effected,  whereas  the  latter  does  not 
require  an  activator  and  recrystallizes  after  cure  in  a  manner 
very  similar  to  sulfur. 
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Containers  for  Caustic  Solutions' 

Byron  A.  Soule 

University  op  Michigan,  Ann  Arbor,  Mich. 


CAUSTIC  soda  stored  in  an  unprotected  glass  bottle  at¬ 
tacks  the  glass.  The  liquid,  becoming  saturated  with 
silicate,  soon  is  unsatisfactory  for  use,  especially  in 
analytical  work.  Various  expedients  have  been  suggested  to 
eliminate  this  difficulty.  Among  them  may  be  mentioned  the 
following: 

(1)  Coating  the  inside  of  the  container  with  paraffin  or  ceresin. 
While  either  is  easily  applied,  both  are  open  to  the  objection 
that,  unless  in  a  relatively  thick  layer,  they  soon  separate  from 
the  glass  and  float  to  the  surface  of  the  liquid,  thus  leaving  the 
bottle  unprotected. 

(2)  Painting  the  bottle  with  Bakelite  varnish.  This  is 
attacked  by  caustic  solutions  and  soon  separates  from  the  glass 
in  large  flakes.  Difference  in  coefficient  of  expansion  between 
the  glass  and  varnish  may  also  be  responsible  for  the  flaking. 

(3)  Use  of  containers  made  from  hard  rubber.  These,  while 
effective,  are  opaque  and  somewhat  costly. 

(4)  Use  of  ceresin  bottles.  These  are  obtainable  only  in 
smaller  sizes  and  tend  to  soften  during  hot  weather. 

Since  all  of  these  devices  are  open  to  objection,  it  was  de¬ 
cided  to  try  various  others.  After  some  exploratory  tests, 
rubber  paint1 2  was  found  to  be  unaffected  by  sodium  hydroxide 
solutions,  at  least  up  to  a  concentration  of  about  5  normal, 
which  is  the  highest  ordinarily  encountered  in  a  laboratory. 
On  March  1  five  bottles  were  coated  with  rubber  paint  as 
indicated  in  Table  I. 

Table  I — Coats  of  Paint  and  Strength  of  Alkali  Solutions 

Solution  Number  of  Coats  NaOH  Normality 

1  1  1 

2  13 

3  1  5 

4  3  0.1 

5  3  3 


1  Received  November  17,  1928. 

2  Thermoprene,  Acid  Seal  Paint  No.  1023,  obtained  from  The  B.  F. 

Goodrich  Co.,  Akron,  Ohio.  See  Gray,  Ind.  Eng.  Chem.,  20,  156  (1928). 


The  next  day  the  first  three  bottles  were  filled  slightly  over 
half  full  with  sodium  hydroxide  solutions  of  the  concentra¬ 
tions  specified  (Table  I)  and  then  placed  in  a  dark  cupboard. 
On  March  7  the  last  two  bottles  were  filled  and  placed  beside 
the  others.  When  next  examined,  on  March  14,  all  samples 
seemed  to  be  in  good  condition  except  No.  3,  which  apparently 
had  lost  some  of  its  coating  above  the  surface  of  the  liquid. 
On  May  12,  no  notable  change  having  occurred,  the  bottles 
were  transferred  to  the  top  of  a  laboratory  desk  and  exposed 
to  bright  daylight,  but  not  direct  sunlight.  They  stood  thus 
all  summer.  On  October  6,  approximately  7  months  after 
the  experiment  was  started,  every  sample  was  free  from  sedi¬ 
ment.  The  paint  in  No.  5,  beneath  the  surface  of  the  liquid, 
was  slightly  lighter  in  color.  No  other  difference  was  ob¬ 
served. 

A  portion  of  the  5  normal  solution  was  removed  and  acidi¬ 
fied  to  test  for  silicate.  After  standing  more  than  1  hour  a 
slight  cloudiness  was  noted.  Examination  of  the  bottle 
where  the  coating  was  apparently  gone  revealed  a  thin, 
tightly  adherent  film  of  rubber,  evidently  of  adequate  pro¬ 
tective  thickness. 

Standardization  of  solution  4  at  various  times  during  the 
test  period  has  given  a  practically  constant  value  for  the 
normality  (Table  II). 

Table  II — Standardization  of  Solution  4 
Date  Normality 

April  9  0.0876 

May  12  0.0873 

October  6  0.0873 

Note — The  use  of  rubber  paint  for  protection  of  glass  bottles  against 
the  action  of  hydrofluoric  acid  has  proved  unsatisfactory.  Gaseous  hydro¬ 
gen  fluoride  passes  through  the  coating  fairly  readily  and  attacks  the  glass. 
This  ultimately  results  in  a  separation  of  the  rubber  from  the  glass. 


A  Continuous  Still  for  Conductivity  Water1 

C.  C.  DeWitt  and  Geo.  Granger  Brown 

Department  of  Chemical  Engineering,  University  of  Michigan,  Ann  Arbor,  Mich. 


A  CONTINUOUS,  practically  automatic  fractionating 
column  for  producing  very  pure,  or  conductivity, 
water  has  been  constructed  which  has  proved  so  satis¬ 
factory  that  other  laboratories  may  be  interested  in  its  con¬ 
struction. 

Construction 

The  equipment  consists  essentially  of  two  block-tin  bodies, 
1  and  6,  equipped  with  block-tin  coils  and  connected  to  the 
bottom  of  two  columns,  4  and  2,  interconnected  at  the  top, 
and  two  condensers,  3  and  5,  one  at  the  top  of  each  column. 

All  parts  of  the  still  coming  in  contact  with  water  or  vapor 
are  made  of  block  tin. 

The  still  body  containers  are  made  of  two  8-inch  wrought- 
iron  pipe  nipples  18  inches  long,  provided  at  each  end  with  an 
8-inch  flange  screwed  flush  with  the  nipple  end,  as  indicated 
by  the  heavy  fines  in  the  figure.  The  block-tin  fining  for 
the  still  is  prepared  by  rolling  a  sheet  of  block  tin  24Va  by 

1  Received  November  26,  1928. 


I8V2  inches  to  form  a  cylinder  24 V2  inches  high.  The  edges 
are  butted  and  burned  together  both  inside  and  out  with  a 
hydrogen-air  torch  flame.  An  annular  flat  ring  of  block  tin 
IIV2  inches  outside  diameter  by  77/a  inside  is  burned  on  one 
end  of  each  cylinder  to  form  a  block-tin  flange.  The  cylinders 
are  then  placed  flanged  ends  down  on  a  flat  support  and  the 
8-inch  pipe  nipples  and  flanges  slipped  over  the  tin  stills. 
The  block-tin  cylinders  are  located  centrally  within  the  nipples 
and  the  space  between  the  cylinders  and  the  nipples  is  packed 
with  insulating  material  lightly  tamped  into  place.  Similar 
tin  rings  of  the  same  dimensions  are  slipped  over  the  top  of 
the  tin  still  bodies,  pressed  against  the  flat  faces  of  the  nipple 
flanges,  the  projecting  rim  of  the  cylinders  peened  over  the 
edge  of  the  flat  annular  tin  rings,  and  the  joints  welded  with 
the  torch.  The  block  tin  used  in  building  these  stills'  is 
V10  inch  thick. 

The  bottoms  of  the  still  are  made  integral  with  the  steam 
coils  as  indicated  in  the  figure.  The  steam  coils  are  made  by 
winding  24  feet  of  block-tin  pipe,  n/n  inch  outside  diameter 
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and  3/8  inch  inside  diameter,  around  a  6-inch  cylindrical  form, 
spacing  the  turns  1/2  inch  as  shown.  Disks  of  block  tin 
8V2  inches  in  diameter,  slightly  coned  toward  the  center, 
serve  as  bottoms  of  the  stills  and  are  pierced  with  3/4-inch 
holes  so  as  to  locate  the  steam  coil  centrally  within  the  still. 
A  hole  is  burned  through  the  centers  of  the  bottom  pieces  into 
which  is  welded  the  end  of  a  block-tin  pipe  to  serve  as  a 
drain  for  the  still.  To  this  tin  pipe  is  burned  a  nipple 
threaded  internally  at  the  other  end  with  a  Vs-inch  pipe 
thread  and  provided  with  a  plug  of  block  tin  threaded  with 
a  similar  thread  about  8  inches  from  the  still  bottom. 

The  metal  is  built  up  around  the  connections  to  the  bottom 
of  the  still  and  to  the  steam  coils  so  that  no  ordinary  strain 
will  crack  off  the  block-tin  pipe.  The  ends  of  the  inlets  and 
outlets  to  the  steam  coils  are  threaded  with  a  3/8-inch  pipe 
thread,  on  which  are  turned  brass  couplings.  These  couplings 
connect  to  a  3/8-inch  navy-type  union  for  connection  to  the 
steam  line.  The  bottoms  and  coils  so  completed  are  welded 
on  the  base  of  the  tin  cylinder  in  the  final  assembly. 

The  small  inner  cylinders  on  the  tops  of  the  stills  act  as 
traps  to  catch  the  liquid  returning  to  the  still.  As  it  is  de¬ 
sirable  to  discard  practically  all  of  the  liquid  flowing  dowm  the 
first  column,  this  cylinder  is  made  small.  These  small  cylin¬ 
ders  are  7  inches  high  by  3  and  3  1/2  inches  outside  diameter, 
respectively. 

The  two  condensers  are  constructed  from  4-inch  outside 
diameter  block-tin  tubing  as  the  center  core,  and  6-inch  out¬ 
side  diameter  tubing  as  the  outer  core.  The  condenser  on  the 
top  of  the  first  column  is  12  inches  high  and  that  on  the  top 
of4the  second  column,  3  feet  high. 


The  first  column,  2,  is  25  inches  and  the  second  column,  4, 
44  inches  from  the  top  of  the  still  to  the  bottom  of  the  con¬ 
denser.  In  preparing  these  columns  and  condensers,  it  is 
necessary  to  form  them  from  sheet  block  tin  which  has  been 
burned  both  inside  and  outside  at  all  joints. 

For  connecting  the  two  columns  a  4-inch  elbow,  one  leg 
12  inches  and  the  other  7  inches  in  length,  is  welded  into  the 
long  column  in  the  position  shown  in  the  figure.  The  col¬ 
umns,  after  being  welded  together  with  the  condensers,  are 
scrubbed  thoroughly  on  the  inside  with  hot  distilled  water, 
and  washed  first  with  1:1  hydrochloric  acid  and  water  and 
then  with  distilled  water.  The  tops  of  the  stills  are  similarly 
cleaned  and  welded  onto  the  bottom  of  the  columns,  the  still 
top  with  the  smaller  inner  cylinder  being  attached  to  the 
base  of  the  column  carrying  the  smaller  condenser. 

The  columns  are  packed  with  Raschig  rings  made  of  tin 
V40  inch  thick  formed  into  rings  3/4  inch  wide  and  3/4  inch  in 
diameter.  The  larger  condenser  at  the  top  of  the  taller  column 
is  packed  with  these  rings  for  about  one-half  its  height.  The 
rings  are  thoroughly  cleaned  in  the  manner  described  before 
the  columns  are  packed. 

The  still  bodies  and  coils  are  similarly  cleaned  and  the 
still  bottoms  welded  in  place.  The  columns  and  condensers 
are  set  on  a  wooden  framework  above  the  still  bodies  pre¬ 
viously  placed  in  position  below  the  columns.  The  still  bodies 
are  then  adjusted  to  the  proper  height  so  that  the  top  of  the 
still  bodies  and  the  bottoms  of  the  columns  are  in  proper  con¬ 
tact.  Then  the  two  flanges  are  burned  to  the  tops  of  the 
still  bodies  making  a  continuous  block-tin  fractionating  equip¬ 
ment  with  all  joints  welded  or  burned. 

A  gage  glass,  7,  is  provided  for  the  first  still  body.  This 
is  the  only  place  where  any  material  other  than  block  tin 
comes  into  contact  with  the  water,  and,  being  in  contact  only 
with  the  impure  distilled  water  supplied  to  the  first  still, 
introduces  no  impurities  into  the  product. 

The  condensers  at  the  top  of  the  columns  are  cooled  with 
tap  water;  or  if  it  is  desired,  might  serve  as  preheaters  to  the 
simple  distilled  water  fed  to  the  first  still  as  raw  material. 

The  steam  coils  are  connected  to  low  pressure  (35  pounds 
maximum)  steam  supply  through  navy-type  unions  and  valves. 

The  distilled  water  fed  to  the  first  still  is  controlled  by  a 
y4-inch  tin-lined  valve  or  cock  welded  into  the  line,  and  se¬ 
cured  firmly  to  a  2  by  4  upright  nailed  to  the  framework  sup¬ 
porting  the  still.  From  this  valve  the  distilled  water  flows 
through  a  piece  of  x/4-  by  3/s-inch  tin  pipe  through  the  top 
of  the  still  down  to  the  bottom  of  the  first  still  shown  as  the 
feed  line  to  the  first  still. 

Operation 

The  general  plan  of  operation  of  this  equipment  is  as  fol¬ 
lows:  The  water  is  vaporized  in  the  first  still  body,  1.  The 
water  vapor  travels  upward  through  the  packing  of  the  first 
column,  2.  A  portion  of  the  vapor  is  condensed  by  the  reflux 
condenser,  3,  and  flows  down  the  column  removing  the  less 
volatile  impurities  in  the  water  according  to  the  principles  of 
fractional  distillation.  This  water  is  discarded  through  a 
trap  at  the  bottom  of  the  first  column  as  shown  in  the  figure. 
The  uncondensed  vapor  which  passes  through  the  reflux  con¬ 
denser,  3,  at  the  top  of  the  first  column,  travels  across  to  the 
second  column,  4,  where  it  is  condensed  by  the  reflux  con¬ 
denser,  5,  at  the  top  of  the  second  column,  flows  down  through 
the  column  packing,  meeting  an  upward  current  of  steam 
generated  from  pure  distilled  water  in  the  second  still  body,  6. 
The  function  of  this  second  column  is  to  remove  the  more  vola¬ 
tile  impurities  from  the  impure  vapors  leaving  the  first  column. 
Part  of  the  water  vapor  is  vented  through  the  top  of  the  reflux 
condenser,  5,  on  the  top  of  the  second  column  carrying  with  it 
the  more  volatile  impurities  in  the  water.  At  the  base  of  the 
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second  column  some  of  the  water  is  trapped  off  and  collected 
as  product,  the  balance  flowing  into  the  second  still  body,  6, 
to  be  revaporized  in  order  to  furnish  the  steam  for  scrubbing 
the  water  coming  down  the  second  column  of  the  more  volatile 
impurities  and  dissolved  gases. 

The  operation  of  the  still  is  controlled  by  proper  manipula¬ 
tion  of  a  number  of  valves,  which,  when  once  adjusted,  need 
no  further  attention  provided  the  steam  pressure  and  the 
temperature  of  the  cooling  water  remain  constant. 

The  first  still  is  charged  with  a  permanganate  solution  and 
filled  about  two-thirds  with  distilled  water.  The  steam  is 
then  turned  on  the  first  still  until  the  water  begins  to  vaporize. 
The  supply  of  the  distilled  water  is  then  turned  on  propor¬ 
tionately.  Cooling  water  flows  into  the  condenser  at  the  top 
of  the  first  column  at  such  a  rate  that  the  water  in  the  con¬ 
denser  jacket  operates  almost  at  the  boiling  point,  as  usually 
only  a  small  reflux  ratio  is  required  to  produce  water  of  a 
high  degree  of  purity.  The  cooling  water  in  the  second  con¬ 
denser  at  the  top  of  the  second  column  is  so  adjusted  that  most 
of  the  water  is  refluxed  by  this  condenser. 

There  should  be  a  small  amount  of  steam  passing  out  of  the 


pipe  at  the  top  of  the  second  column  to  insure  the  removal  of 
the  more  volatile  impurities  in  the  water,  just  as  there  should 
be  a  small  amount  of  water  wasted  from  the  bottom  of  the 
first  column  to  insure  the  removal  of  the  less  volatile  impuri¬ 
ties  in  the  water. 

Product  is  removed  from  the  inverted  U-tube  at  the  base  of 
the  second  column.  It  is  necessary  to  pinch  the  end  of  this  tin 
pipe  so  as  to  form  a  small  orifice  allowing  about  4  or  5  liters  of 
product  to  be  removed  per  hour  when  the  still  is  operating 
properly.  As  soon  as  water  begins  to  flow  out  of  the  product 
pipe,  steam  is  turned  into  the  coils  in  the  second  still  at  such 
a  rate  as  to  cause  a  small  but  constant  flow  of  steam  through 
the  tin  pipe  at  the  top  of  the  large  condenser  on  the  second 
column. 

Before  using  the  water  from  the  second  still  it  was  allowed 
to  run  for  1  week,  during  which  time  the  still  bodies  were 
drained  twice  daily  by  taking  the  plugs  out  of  the  pipes  at 
the  bottom  of  the  stills.  At  the  end  of  1  week  the  water  ob¬ 
tained  from  the  still  was  found  to  have  a  pH  value  of  sub¬ 
stantially  7  as  measured  by  bromothymol  blue  hydrogen- 
ion  indicator. 


A  Receiver  for  Vacuum  Distillation1 

Edgar  J.  Poth2 

University  of  Texas,  Austin,  Texas 


IN  CONNECTION  with  an  investigation  being  carried  out 
in  the  Texas  laboratory  on  nitrogen  bases  occurring  in 
California  kerosene  stock,  a  vacuum  distillation  receiver 
has  been  designed  that  entirely  eliminates  stopcocks  in  the 
distillation  train  and  any  possible  contamination  of  the  distil¬ 
late  from  tap  grease.  This  innovation  not  only  obviates  con¬ 
tamination  of  the  distillate,  but  dispenses  with  a  stopcock, 
present  in  all  other  types  of  receivers,  that  may  give  trouble 
either  from  leakage  or  sticking. 

The  device  is  illustrated  in  the  accompanying  figure.  It  is 
made  of  Pyrex  glass.  A  is  sealed  onto  any  form  of  condenser 
(not  shown  in  figure)  and  leads  into  receiver  B,  which  may  be 
of  a  different  type  and  graduated  if  desired.  B  and  F  are  con¬ 
veniently  made  of  Kjeldahl  flasks,  because  the  design  of  these 
vessels  is  well  adapted  to  either  large  or  small  fractions  and 
insures  good  drainage.  C  and  H  are  ordinary  float  check 
valves  sealed  against  mercury.  G  is  a  three-way  stopcock. 

During  distillation  the  leveling  bulb  K  is  so  adjusted  that 
container  D  fills  with  mercury,  thus  causing  valve  C  to  become 
mercury-sealed.  Bulb  F  serves  a  double  purpose:  first, 
any  leakage  at  C  can  be  stopped  by  evacuating  at  L;  and 
second,  when  the  capacity  of  B  is  not  great  enough  for  a 
particular  cut,  F  also  can  be  used  for  storage,  although  with 
this  apparatus  the  distillate  can  be  drawn  at  any  time  without 
interfering  with  the  distillation. 

When  it  is  desired  to  make  a  cut,  half  fill  D  with  mercury 
and,  with  I  dipping  under  mercury,  evacuate  the  system 
through  L  of  stopcock  G.  With  the  fall  of  pressure  in  F,  C 
opens  automatically  when,  by  the  proper  adjustment  of  the 

1  Received  November  15,  1928.  This  paper  is  the  outgrowth  of  dis¬ 
tillation  experiments  being  carried  out  at  the  Chemical  Laboratory  of  the 
University  of  Texas  in  an  investigation  on  “The  Nitrogen  Compounds  in 
Petroleum,”  listed  as  Project  20  of  American  Petroleum  Institute  research. 
Financial  assistance  in  this  work  has  been  received  from  a  fund  of  the 
American  Petroleum  Institute  donated  by  John  D.  Rockefeller.  This  fund 
is  being  administered  by  the  institute  with  the  cooperation  of  the  Central 
Petroleum  Committee  of  the  National  Research  Council. 

2  American  Petroleum  Institute  Fellow;  J.  R.  Bailey,  Director, 
Project  20. 


leveling  bulb  K,  the  contents  of  B  are  transferred  to  F.  It  is 
evident  that  any  liquid  remaining  in  D  can  be  forced  over 
and,  since  E  is  directed  upward,  the  distillate  can  be  com- 
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pletely  displaced  by  mercury.  After  adjustment  of  the 
mercury  so  as  to  fill  D,  the  vacuum  in  F  can  be  broken.  Then 
C  closes,  H  opens,  and  the  distillate  drains  into  J  overflowing 
into  an  appropriate  receiver.  To  hasten  the  emptying  of  F, 
pressure  may  be  applied  at  M. 


This  method  of  cutting  fractions  is  being  used  on  several 
stills,  varying  from  a  micro-apparatus  of  10  cc.  capacity  to 
one  handling  5  liters,  in  which  about  50  liters  of  bases  from 
California  kerosene  stock  are  undergoing  exhaustive  fractional 
distillation. 


Air  Separator  for  the  Laboratory1 

R.  E.  Zinn 

Victor  Chemical  Works,  Chicago,  III. 

IN  experimental  work  with  finely  ground  solids  it  is 
-*■  often  necessary  to  obtain  a  physical  separation  which  is 
not  readily  done  with  the  regular  100-  to  200-mesh  sieves. 
This  is  particularly  true  in  cases  where  the  material  does  not 
screen  easily  because  it  is  too  light  or  because  the  particles 
adhere  to  one  another;  also,  it  may  be  desired  to  effect  a 
separation  of  material  finer  than  200  mesh.  Under  these 
conditions  the  desired  result  is  most  readily  obtained  by 
means  of  air  separation. 

A  convenient  air  separator  suitable  for  qualitative  sepa¬ 
ration  has  been  successfully  built  and  used  by  the  writer. 
Such  a  device  may  be  easily  and  quickly  made  from  materials 
that  are  generally  available  about  a  laboratory.  Its  con¬ 
struction  will  be  evident  from  the  accompanying  sketches  and 
the  description  which  follows. 


Secure  a  5-pound  (2.3-kg.)  can,  a  2-pound  (0.9-kg.)  can,  and 
a  y2-pound  (0.23-kg.)  can.  Cut  openings  and  tongues  in  the 
2-pound  can  as  in  Figure  1.  Also  cut  a  1-inch  hole  in  the 
bottom  and  insert  a  stopper.  Cut  slots  in  the  5-pound  can 
cover  to  fit  the  tongues;  cut  a  hole  in  this  cover  to  fit  the 
Vrpound  can,  which  has  had  the  bottom  cut  out  of  it.  Make 
a  hole  for  the  inlet  tube  as  shown  in  Figure  2,  and  secure  the 
tube  to  the  can  tangentially  with  deKhotinsky  cement.  Seal 
the  pieces  fitted  through  the  cover  with  this  cement  also. 
Attach  a  muslin  or  canvas  stocking  4  X  24  inches  (10  X  60 
cm.)  to  the  small  can  with  a  drawstring. 

Feeding  is  accomplished  through  suction  from  an  aspirator 
consisting  of  a  V-t-inch  (6-mm.)  glass  T  into  which  compressed 
air  is  conducted  through  a  Vs-inch  (3-mm.)  tube  and  nozzle 
to  the  intersection  of  the  arms  of  the  T.  The  outlet  end  of 
this  aspirator  is  connected  to  the  inlet  tube  of  the  assembled 
air  separator  with  a  short  rubber  tube.  The  material  to  be 
treated  is  carried  by  the  air  stream  to  the  annular  space  just 
within  the  large  can,  where  the  velocity  is  decreased  suffi- 

1  Received  January  31,  1929. 


ciently  to  drop  out  the  coarser  material.  The  finer  particles 
are  further  carried  by  the  air  current  through  the  openings 
just  below  the  cover  and  into  the  central  space,  where  they 
are  deposited.  They  may  be  recovered,  without  removing 
the  stocking,  through  the  hole  which  is  closed  with  the  stopper. 
Any  material  which  is  carried  past  this  chamber  is  arrested  in 
the  stocking  filter.  With  a  little  experience  an  operator  can 
control  the  degree  of  separation  as  desired  by  changing  the 
amount  of  compressed  air  to  the  aspirator. 


Self-Emptying  Suction  Flask  for 
Sugar  Determinations1 

Gilbert  Pitman 

Fruit  Products  Laboratory,  University  of  California, 
Berkeley,  Calif. 

TN  the  Munson  and  Walker  method  of  determining  sugar 
-*■  difficulty  is  often  experienced  in  washing  the  precipitated 
copper  oxide  with  alcohol  and  ether.  Ordinarily  the  ether 
washings  volatilize  so  rapidly  when  striking  the  hot  wash 
water  in  the  flask  that  they  form  a  pressure  great  enough  to 
dislodge  the  asbestos  mat  in  the  Gooch  crucible. 

The  following  modification  in  the  suction  flask  has  been 
found  useful  in  overcoming  this  difficulty.  It  also  permits 
rapid  washing  and  makes  frequent  emptying  of  the  flask  un¬ 
necessary.  The  principle  involved  is  merely  that  of  drawing 
the  hot  wash  water  from  the  flask  by  suction  through  a  glass 
tube  extending  to  the  bottom  of  the  flask. 

A  piece  of  glass  tubing  of  approximately  4  mm.  outside 
diameter  and  2  mm.  inside  diameter  is  bent  at  an  angle  of 
slightly  more  than  90  degrees  and  cut  so  that  one  end  is  about 
2  cm.  and  the  other  about  15  cm.  from  the  bend.  It  is  cut 
to  fit  the  flask  so  that  its  final  position  is  as  shown  in  the  il¬ 
lustration,  with  the  bottom  end  about  5  mm.  from  the  bottom 
of  the  flask.  The  short  end 
of  the  tube  is  fastened  to 
the  suction  outlet  by  means 
of  a  small  rubber  stopper 
that  has  been  previously 
shaped  to  make  a  tight 
fit  and  sealed  to  the  flask 
with  clear  Duco.  The  stop¬ 
per  is  held  in  place  with  fine 
copper  wires  during  drying. 

These  may  be  dissolved  later 
with  nitric  acid. 

Instead  of  the  arrange¬ 
ment  described  above,  an 
Erlenmeyer  flask  may  be 
fitted  with  a  two-hole  rub¬ 
ber  stopper  through  which 
a  funnel  and  a  suction  tube 
extend  to  the  bottom  of  the 
flask.  Or  the  use  of  the 
small  rubber  stopper  for  the 

side  connection  may  be  avoided  by  fastening  the  tube  to 
suction  outlet  by  means  of  a  glass  ring  seal. 

1  Received  January  29,  1929. 
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On  the  Reduction  of  Rubber  Stress-Strain 

Determinations 

W.  B.  Wiegand  and  H.  A.  Braendle 


Binney  &  Smith  Co.,  41  East  42nd  St.,  New  York,  N.  Y. 


In  this  paper  the  authors  seek  means  of  eliminating  the 
personal  equation  in  the  selection  of  rubber  stress-strain 
data. 

It  became  necessary  to  determine  the  most  proba¬ 
ble  or  true  values  for  tensile  strength,  elongation,  and 
intermediate  values.  The  authors,  therefore,  tested  a 
complete  inner  tube,  securing  ninety-five  breaks,  which 
were  then  reduced  by  statistical  methods. 

Frequency  distributions  of  rubber  stress-strain  data 
do  not  strictly  obey  the  law  of  accidental  error,  being 
negatively  skewed  for  breaking  values,  and  positively 
skewed  for  intermediate  tensiles. 


THE  excellent  report  of  the  Physical  Testing  Committee 
( 1 )  *  illustrates  the  trend  towards  increased  accuracy 
in  rubber  testing;  as  also  the  recent  investigation  of 
the  effect  of  temperature  on  physical  properties  (2).  The 
present  study  is  confined  to  the  experimental  data  them¬ 
selves,  and  to  the  application  of  statistical  methods  in  their 
analysis.  Determinable  (instrumental)  errors  are  excluded 
from  this  survey. 

In  most  laboratories  it  is  customary  to  break  three,  five, 
or  possibly  seven  test  pieces  of  a  rubber  specimen,  and  to  take 
the  arithmetic  mean  of  the  resulting  values,  first  rejecting 
such  as  appear  to  the  operator  to  be  clearly  “wild.”  In 
order  to  work  out  a  scheme  for  the  treatment,  or  weighting, 
of  such  testing  data,  that  shall  be  free  from  the  vagaries  of 
personal  judgment,  it  is  first  necessary  to  determine,  with 
the  utmost  precision  possible,  what  are  the  true  values  of 
the  quantities  in  question.  Since  the  reliability  of  the 
average  value  of  N  tests  is  s/N  times  as  accurate  as  that  of 
one  test,  an  increase  in  the  number  of  test  pieces  broken 
suggests  itself  as  one  obvious  step  in  arriving  at  the  desired 
“true,”  or  more  strictly,  most  probable,  values. 

Experimental 

A  factory-run  inner  tube  was  cut  longitudinally,  and  the 
total  number  of  available  test  pieces  cut  across  the  grain — 
ninety-five — were  died  out.  These  pieces  were  then  thor¬ 
oughly  mixed,  selected  at  random,  and  tested  on  a  Scott 

1  Presented  before  the  Boston  Group  Meeting  of  the  Division  of 
Rubber  Chemistry  of  the  American  Chemical  Society,  January  12,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


The  true  values,  therefore,  are  not  the  arithmetic 
means  but  the  modes,  which  are  found  to  differ  from 
the  arithmetic  means  in  every  case  to  an  extent  greatly 
exceeding  the  probable  error  of  such  means. 

Using  these  true  values,  and  dividing  the  ninety-five 
breaks  into  successive  groups  of  five,  the  latter  were 
weighted  according  to  four  empirical  methods  and  the 
results  compared  with  the  modal  values. 

The  method  of  selecting  three  highest  elongations  out  of 
five  together  with  corresponding  tensiles  was  found  most 
closely  to  approach  modal  values.  This  method  is  there¬ 
fore  tentatively  advanced  as  a  starting  point  for  the 
standardized  selection  of  rubber  breaks. 


machine.  The  test  pieces  were  of  dumbbell  shape,  y4 
inch  wide,  1  inch  between  bench  marks  (machine  of  standard 
pattern),  speed  of  separation  20  inches  per  minute.  Inter¬ 
mediate  as  well  as  breaking  values  were  secured.  (See 
Table  I  for  breaking  data.) 

Effect  of  Number  of  Tests  on  Error  of  Arithmetic 
Mean — Consider  first  breaking  tensiles  as  shown  in  Figure  1 . 

In  order  to  trace  the  effect  of  increasing  the  number  of  tests 
on  the  arithmetic  mean,  progressive  values  for  such  means 
are  shown,  each  dot  on  the  graph  indicating  the  arithmetic 
mean  of  all  tests  up  to  that  point.  Note  the  irregular  trend 
of  the  arithmetic  mean  values,  particularly  in  the  early 
stages.  Only  after  sixty  breaks  does  the  mean  settle  down 
to  its  final  value  as  measured  by  the  ninety-five  breaks. 
The  probable  error  of  the  mean 

£M  =  ±  0.67  J  2p2 

\  n(n  —  1) 

as  indicated  in  the  graph  by  the  heavy  bands,  has  decreased 
from  a  value  of  36  pounds  for  five  breaks,  and  17  pounds 
for  fifteen  breaks,  to  12  pounds  for  ninety-five  breaks. 

Thus  it  is  seen  that  when  ninety-five  test  pieces  are 
broken  in  place  of  the  customary  five,  and  the  arithmetic  . 
means  determined  in  each  case,  the  value  for  tensile  strength 
of  the  inner  tube  would  seem  to  be  2637  pounds  with  a 
probable  error  of  =*=  12  pounds. 

There  is,  however,  a  fallacy  in  this  conclusion.  This 
arises  because  the  data  have  been  treated  on  the  assumption 
that  they  obey  the  law  of  accidental  error.  As  shown  in 
Figure  2,  this  law  assumes  symmetrical  distribution  about 
the  true,  or  most  probable,  value.  For  such  a  distribution 
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Table  I — Breaking  Data 


Gage 

Tensile 

Tensile 

Tensile 

Elonga¬ 

of 

at  300% 

at  500% 

at 

tion  at 

Sample 

Sample 

Elong. 

Elong. 

Break 

Break 

Inch 

Lbs./sq.  in. 

Lbs./sq.  in. 

Lbs./sq.  in. 

Per  cent 

1 

0.069 

200 

550 

2670 

770 

2 

0.067 

240 

535 

2480 

740 

3 

0.072 

195 

470 

2665 

790 

4 

0.068 

205 

530 

2740 

780 

5 

0.074 

215 

485 

2480 

770 

6 

0.069 

200 

520 

2785 

780 

7 

0.069 

200 

490 

2695 

780 

8 

0.067 

210 

570 

2755 

770 

9 

0.070 

200 

515 

2480 

760 

10 

0.067 

240 

535 

2685 

770 

11 

0.068 

205 

530 

2715 

770 

12 

0.067 

210 

535 

2685 

770 

13 

0.068 

205 

530 

2715 

770 

14 

0.070 

230 

515 

2745 

780 

15 

0.072 

220 

555 

2685 

780 

16 

0.068 

235 

590 

2915 

780 

17 

0.071 

225 

535 

2670 

770 

18 

0.072 

220 

500 

2290 

750 

19 

0.073 

220 

520 

2430 

750 

20 

0.073 

220 

550 

2400 

750 

21 

0.073 

220 

520 

2460 

760 

22 

0.075 

215 

530 

2685 

780 

23 

0.074 

215 

510 

2695 

780 

24 

0.070 

230 

540 

2575 

760 

25 

0.073 

220 

520 

2735 

780 

26 

0.072 

220 

525 

2740 

780 

27 

0.071 

225 

505 

2815 

780 

28 

0.076 

210 

525 

2525 

770 

29 

0.068 

205 

530 

2910 

780 

30 

0.070 

200 

515 

2480 

760 

31 

0.069 

230 

520 

2925 

790 

32 

0.070 

200 

515 

2745 

780 

33 

0.071 

195 

535 

2750 

780 

34 

0.072 

195 

500 

2635 

780 

35 

0.069 

200 

520 

2675 

770 

36 

0.069 

230 

520 

2615 

770 

37 

0.069 

230 

550 

2895 

780 

38 

0.072 

220 

555 

2720 

760 

39 

0.070 

200 

515 

2630 

770 

40 

0.070 

230 

540 

2825 

780 

41 

0.071 

195 

505 

2815 

790 

42 

0.073 

190 

465 

2600 

790 

43 

0.070 

200 

515 

2600 

770 

44 

0.068 

205 

550 

2600 

770 

45 

0.071 

195 

505 

2500 

770 

46 

0.072 

195 

500 

2665 

780 

47 

0.071 

225 

505 

2560 

770 

48 

0.068 

205 

530 

2915 

780 

49 

0.069 

200 

490 

2695 

780 

50 

0.070 

200 

515 

2485 

750 

the  arithmetic  mean  constitutes  the  true  value,  and  the 
greater  the  number  of  tests  the  more  reliable  and  accurate 
is  this  form  of  “average.”  The  data  of  the  experiment, 
however,  do  not  follow  this  law. 

Determination  op  True  (Modal)  Breaking  Tensile — 
In  Figure  3  are  shown  the  number  of  occurrences  of  each 
tensile  value  in  the  ninety-five  tests.  It  will  at  once  be 
noted  that  this  frequency  curve  does  not  follow  the  law  of 
accidental  error.  Instead  of  being  symmetrical,  the  curve 
is  lopsided  or  “skewed”  (5,  4)  towards  the  left  or  the  low 
values;  there  is  a  preponderance  of  low  breaks,  due  pre¬ 
sumably  to  flaws  in  the  rubber. 


Figure  I — Number  of  Tests  vs.  Arithmetic  Mean  and  Probable  Error 
of  Arithmetic  Mean 


Gage 

Tensile 

Tensile 

Tensile 

Elonga¬ 

of 

at  300% 

at  500% 

at 

tion  at 

Sample 

Sample 

Elong. 

Elong. 

Break 

Break 

Inch 

Lbs./sq.  in. 

Lbs./sq.  in. 

Lbs./sq.  in. 

Per  cent 

51 

0.069 

200 

520 

2585 

760 

52 

0.070 

200 

515 

2750 

770 

53 

0.068 

205 

530 

2800 

780 

54 

0.069 

205 

520 

2755 

770 

55 

0.068 

205 

530 

2520 

750 

56 

0.074 

215 

540 

2675 

770 

57 

0.081 

220 

545 

2345 

750 

58 

0.074 

215 

540 

2455 

750 

59 

0.073 

220 

550 

2600 

760 

60 

0.069 

200 

490 

2375 

.  760 

61 

0.070 

200 

515 

2660 

770 

62 

0.085 

210 

495 

2300 

750 

63 

0.078 

205 

485 

2425 

770 

64 

0.083 

220 

505 

2650 

770 

65 

0.071 

225 

505 

2480 

760 

66 

0.082 

195 

510 

2610 

770 

67 

0.074 

190 

510 

2455 

760 

68 

0.071 

195 

505 

2515 

770 

69 

0.073 

190 

490 

2635 

780 

70 

0.069 

205 

490 

2755 

770 

71 

0.071 

195 

505 

2755 

780 

72 

0.069 

230 

520 

2870 

780 

73 

0.067 

210 

540 

2755 

780 

74 

0.070 

200 

515 

2660 

760 

75 

0.070 

200 

515 

2685 

780 

76 

0.069 

200 

490 

1880 

720 

77 

0.068 

205 

530 

2745 

780 

78 

0.068 

205 

530 

2515 

750 

79 

0.072 

195 

500 

2525 

760 

80 

0.068 

205 

530 

2720 

760 

81 

0.070 

200 

485 

2520 

760 

82 

0.067 

240 

570 

2780 

760 

83 

0.068 

205 

590 

2570 

750 

84 

0.072 

220 

585 

2220 

720 

85 

0.067 

240 

630 

2840 

770 

86 

0.074 

215 

540 

2800 

770 

87 

0.065 

245 

615 

2530 

740 

88 

0.066 

240 

605 

2910 

770 

89 

0.070 

200 

540 

2745 

760 

90 

0.071 

225 

565 

2420 

740 

91 

0.065 

245 

650 

2865 

750 

92 

0.066 

245 

580 

2825 

770 

93 

0.069 

205 

580 

2550 

750 

94 

0.073 

220 

550 

2700 

770 

95 

0.070 

230 

515 

2630 

760 

The  curve  of  Figure  4  is  that  generated  by  the  histogram  of 
Figure  3.  The  arithmetic  mean  is  no  longer  the  most 
frequently  occurring  and  therefore  the  most  probable  or 
true  value.  This  quantity  is  defined  as  the  “mode”  and 
is  seen  to  show  a  distinctly  higher  value  (3). 

In  Figure  5  the  “true”  or  modal  value  for  tensile  is  com¬ 
pared  with  the  values  for  the  arithmetic  mean  (Figure  1). 
In  no  case  does  the  arithmetic  mean  reach  the  mode,  all  the 
values  being  lower,  and  in 
no  case  does  the  probable 
error  of  the  arithmetic  mean 
overtake  this  deviation. 

Increasing  the  number  of 
test  pieces,  even  up  to 
ninety-five,  although  reduc¬ 
ing  the  probable  error  of  the 
arithmetic  mean,  does  not 
simultaneously  reduce  its 
inaccuracy.  In  fact,  after 
ninety-five  tests,  the  arith¬ 
metic  mean  falls  short  of  the 
mode  by  more  than  five  times  its  own  probable  error. 

Determination  of  True  Intermediate  Tensiles — 
Examination  of  Figure  6  shows  that,  as  in  the  case  of  breaking 
tensile,  the  frequency  curve  is  asymmetrical,  thus  again 
precluding  the  use  of  the  arithmetic  mean.  The  “skewness” 
is  here  towards  the  right,  or  positive,  this  being  clearly  due 
to  personal  equation  in  the  form  of  lag  in  the  recording 
of  loads.  The  “skewness”  at  500  per  cent  is  less  than  at 
300  per  cent  because  the  bench  marks  are  here  separating 
more  slowly.  Because  the  “skewness”  is  positive,  the 
arithmetic  means  are  now  higher  than  the  true  or  modal 


Figure  2 — Normal  Frequency 
Distribution 
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values,  and  to  a  degree  again  exceeding  their  own  probable 
errors. 

Determination  of  True  Breaking  Elongation — 
Figure  7  shows  that  the  curve  is  here  once  more  “skewed” 
towards  the  left,  presumably  because  of  flaws  in  the  test 
pieces.  This  “skewness,”  however,  is  much  less  evident 
than  in  the  case  of  tensile,  partly  because  the  bench  marks 


No.  of 
Tests 


Figure  3 — Frequency  Distribution,  Tensile  at  Break 


are  separating  very  slowly,  thus  permitting  more  accurate 
observation,  but  chiefly  because  the  stress  is  increasing  much 
more  rapidly  than  the  elongation,  and  any  shortening  of  the 
curve  due  to  defects  in  the  rubber  has  consequently  less  in¬ 
fluence  on  the  elongation  than  on  the  tensile.  As  with  break¬ 
ing  tensiles,  the  arithmetic  mean  is  lower  than  the  mode,  the 
difference,  although  small  in  absolute  terms,  being  still 
many  times  the  probable  error  (of  the  arithmetic  mean). 


Figure  4 — Frequency  Distribution,  Tensile  at 
Break 


Reliability  of  Various  Determinations 


Figure  8  shows  in  comparative  form  the  frequency  distri¬ 
bution  for  four  critical  stress-strain  values.  Visual  in¬ 
spection  will  indicate  that  the  degree  of  concentration  around 
the  most  probable  or  modal  value  is,  roughly  speaking, 
similar  for  all  the  tensile  values,  but  that  the  concentration 
'  for  elongation  at  break  is  markedly  greater.  In  other  words, 
the  number  of  “wild”  results  is  much  less  for  elongation 
than  for  tensile  at  rupture  or  modulus  values.  (This  state¬ 
ment  of  course  applies  entirely  to  bar  test-piece  technic 
and  not  to  ring  testing.) 

The  exact  measure  of  the  reliability  is  known  as  the 
ig  “coefficient  of  variation”  ( 6 ). 


M 


X  100  per  cent 


where  v  =  coefficient  of  variation,  a  =  standard  deviation  from 
8  mean,  and  M  -  mean 


:  It  is  seen  from  the  coefficients  of  variation  given  in  Table  II 
e  that  the  reliability  of  the  elongation  at  break  is  approxi- 
1  mately  three  times  as  great  as  that  of  the  other  values. 


Table  II — Statistical  Summary 


Arith¬ 

COEFF. 

Quantity 

metic 

Standard 

OF 

Measured 

Mean 

Devia¬ 

Varia¬ 

Skew¬ 

Tensile  at: 

(95) 

tion 

tion 

ness11 

Mean 

Median 

Mode 

100%  elong. 

85 

3.9 

4.63 

200%  elong. 

136 

12.5 

9.23 

300%  elong. 

212 

14.6 

6.92 

+0.58 

212 

210 

204 

400%  elong. 

326 

17.4 

5.35 

500%  elong. 

528 

32.3 

6.11 

+  0.084 

528 

528 

525 

600%  elong. 

1014 

65.1 

6.42 

700%  elong. 

1854 

112.4 

6.07 

Break 

2637 

169.6 

6.44 

-0.39 

2637 

2670 

2703 

Elong.  at  break  767 

17.4 

2.26 

-0.24 

767 

770 

771 

a  Skewness 


mean  —  mode 
standard  deviation 


Application  to  Laboratory  Test  Procedure 

The  discussion  thus  far  has  been  confined  to  the  influence 
of  increasing  the  number  of  breaks  upon  the  accuracy  of 
the  final  result.  This  has  brought  out  the  necessity  for 
recognizing  and  evaluating  the  “skewed”  nature  of  rubber 
stress-strain  tests.  It  is,  of  course,  impracticable  in  the 
course  of  daily  control,  and  even  of  research  testing,  to  carry 
out  sufficient  breaks  or  intermediate  readings  to  generate 
and  evaluate  a  frequency  curve  in  each  case.  To  do  this 
would  require  upwards  of  sixty  tests.  The  problem  is  one 
of  weighting  a  small  number,  say  five  tests,  so  as  to  approxi¬ 
mate  the  truth. 

It  is  common  practice  in  laboratories  to  reject  what  are 
loosely  defined  as  “obviously  wild”  results,  but  there  is  a 
disagreement  as  to  what  constitutes  a  “wild”  result.  A 
rule  favored  by  some  is  that  only  such  values  shall  be  re¬ 
jected  as  show  a  deviation  four  times  greater  than  the  average 
deviation  of  the  remainder.  This  rule  fails  to  eliminate 
admittedly  “wild”  results.  More  specifically,  of  the  ninety- 
five  tests  described  in  the  present  study,  this  rule  would 
have  eliminated  only  one,  thus  leaving  the  “skewness” 
of  the  frequency  curves  substantially  uncorrected.  A 
determination  of  the  modal  value  would  therefore  still 
be  necessary.  Some  other  means  of  weighting  is  clearly 
required  in  order  that  “mean”  values  may  yield  more  nearly 
true  results.  Several  empirical  methods  of  weighting  have 
therefore  been  applied. 

The  ninety-five  tests  on  the  inner  tube  mentioned  above 
have  been  divided  into  nineteen  successive  groups  of  five, 
thus,  in  effect,  constituting  nineteen  “laboratories”  working 


Figure  5 — Mode  vs.  Arithmetic  Mean  and  Probable  Error 


under  exactly  comparable  conditions  and  on  the  same 
material.  (See  Tables  I  and  III.)  It  was  thought  that  this 
procedure  was  the  only  way  in  which  irrelevant  variables 
could  be  eliminated  so  that  final  results  should  be  amenable 
to  statistical  treatment. 

Treatment  has  been  confined  to  tensile  strength  and 
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Tensile  at  300%  E. 

Figure  6 — Frequency  Distribution  at  Intermediate  Elongations 


elongation  at  break,  these  being  the  most  popular  tests, 
and  also  because  the  intermediate  values  are  free  from 
negative  “skewness”  due  to  flaws,  and  consequently  greater 
symmetry  of  distribution  is  to  be  obtained,  not  by  weighting, 
but  by  refinement  of  technic — e.  g.,  reduction  in  the  per¬ 
sonal  lag.  As  a  means  of  evaluating  the  various  weighting 
schemes,  the  corresponding  tensiles  obtained  from  the 
nineteen  “laboratories”  were  averaged,  and  deviations 
of  the  “laboratories”  from  the  true  or  modal  value  noted. 

Method  1 — Mean  of  All  Five  Tensiles,  Equal  Weights.  The 
average  for  the  nineteen  “laboratories”  is,  of  course,  2637 
pounds — the  arithmetic  mean  of  the  ninety-five  tests — and  as 
such  lies  well  below  the  mode  (2703).  Of  the  nineteen  “labora¬ 
tories,”  six  were  more  than  100  pounds  off  the  modal  value, 
two  being  off  by  more  than  200.  The  elongation  by  this  method 
is  767  per  cent  against  a  mode  of  771  per  cent. 

Method  2 — Mean  of  Best  Two  Tensiles.  The  average  for  the 
nineteen  “laboratories”  here  gives  a  value  of  2769  which  is 
well  above  the  modal  value.  In  this  case  eight  “laboratories” 
were  off  more  than  100  pounds,  the  elongation  by  this  method 
being  775  per  cent. 

Method  3 — Mean  of  Tensiles  Corresponding  to  Best  Two  Elonga¬ 
tions.  The  average  for  the  nineteen  “laboratories” 
gave  2757  pounds;  still  high:  seven  “laboratories” 
off  more  than  100  pounds;  elongation  776  per  cent. 

Method  4 — Mean  of  Tensiles  Corresponding  to 
Best  Three  Elongations .  The  average  for  the  nine¬ 
teen  “laboratories”  was  2717  pounds  as  compared 
to  the  mode  of  2703,  a  difference  of  only  14  pounds. 

In  this  case  only  five  “laboratories”  were  off  more 
than  100.  Elongation  by  this  method  stands  at 
772  per  cent  against  a  mode  of  771  per  cent. 

Inspection  of  Table  IV  clearly  brings  out  the 
superiority  of  Method  4. 

It  is  necessary  to  emphasize  that  the  above 
weightings  are  purely  empirical.  It  is  also  neces¬ 
sary  to  emphasize  that  the  scheme  of  weighting 
found  best  for  the  data  of  the  present  paper  might 
not  be  applicable  to  another  set  of  tests  using 
different  equipment  and  employing  compounds 
of  different  type. 

With  these  limitations  in  mind,  it  is  suggested 
that  the  selection  of  the  three  highest  elongations 
out  of  five  breaks,  together  with  the  correspond¬ 
ing  tensiles,  be  given  consideration  in  the  develop¬ 
ment  of  some  standard  method  of  weighting  rub¬ 
ber  stress-strain  data.  Irrespective  of  the  ques¬ 
tion  of  approximation  to  modal  or  true  values, 
the  scheme  of  the  three  best  elongations  has  the 


can  give  effect  to  his  rejections  im¬ 
mediately  the  breaks  are  finished  and 
without  first  working  out  all  of  the  ten¬ 
sile  strengths — in  fact,  without  any  pre¬ 
liminary  arithmetic. 

It  is  suggested  that  other  rubber 
laboratories  take  enough  time  to  select, 
say  two  or  three  “type”  compounds, 
and  vulcanize  samples  of  sufficient  size 
to  supply  upwards  of  sixty  test  pieces; 
that  these  be  broken  under  strictly  com¬ 
parable  conditions  of  temperature, 
humidity,  etc.;  that  the  frequency 
curves  be  plotted  for  intermediate  ten¬ 
siles,  tensile  at  break,  and  elongation  at 
break ;  that  modal  values  be  ascertained, 
and  then  that  the  tests  be  split  up  in  some 
such  manner  as  has  been  here  outlined, 
and  a  scheme  of  weighting  evolved  which 
shall,  for  the  type  compounds  in  question 
and  for  the  specific  laboratory,  yield  the  closest  approxi¬ 
mation  to  the  truth.  It  is  possible,  and  even  probable, 
that  no  two  laboratories  and  that  no  two  compounds  will 

Table  III — Comparison  of  Methods  of  Weighting 

Labora-  Method  1  Method  2  Method  3  Method  4 


TORY 

Tensile 

Tensile 

Tensile 

Elong. 

T  ensile 

Elong. 

Lbs./sq.  in. 

Lbs./sq.  in. 

Lbs./sq.  in. 

Per  cent 

Lbs./sq.  in. 

Per  cent 

1 

2607 

2705 

2705 

775 

2692 

780 

2 

2680 

2770 

2740 

780 

2745 

777 

3 

2709 

2730 

2715 

780 

2715 

777 

4 

2541 

2792 

2793 

775 

2672 

760 

5 

2630 

2715 

2710 

780 

2705 

780 

6 

2694 

2863 

2863 

780 

2822 

780 

7 

2746 

2838 

2835 

785 

2807 

783 

8 

2737 

2860 

2860 

780 

2783 

777 

9 

2623 

2708 

2708 

790 

2672 

783 

10 

2664 

2805 

2805 

780 

2758 

780 

11 

2682 

2776 

2778 

775 

2768 

773 

12 

2490 

2638 

2638 

765 

2550 

763 

13 

2503 

2655 

2655 

770 

2578 

770 

14 

2594 

2695 

2695 

775 

2666 

777 

15 

2745 

2813 

2818 

780 

2793 

780 

16 

2477 

2733 

2635 

770 

2663 

767 

17 

2586 

2810 

2810 

765 

2713 

733 

IS 

2681 

2855 

2855 

770 

2818 

767 

19 

2714 

2845 

2763 

770 

2718 

767 

important  practical  advantage,  at  least  with  the  Figure  7— Frequency  tensile  at  break.  e'bE.at  break. 

i  ,  ,  i  •  ,  ,  i  ,  Distribution,  Elongation 

Ordinary  bar  t6St-pi6C6  macninG,  that  the  operator  at  Break  Figure  8 — Comparison  of  Frequency  Distributions 
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yield  the  desired  results  from  the  same  scheme  of  weighting. 
On  the  other  hand,  there  is  a  possibility  that  the  scheme  of 
the  three  best  elongations  out  of  five,  here  described,  or  some 
variation  of  this  scheme,  will  be  close  enough  to  the  truth 
to  provide  the  basis  for  a  standardized  treatment,  the  urgent 
need  for  which  is  self-evident. 


Table  IV — Variation  from  Mode  (Tensile  at  Break)  by  Different 
Weighting  Methods 

Relation  to  Mode  Number  of  Laboratories 

Method  1  Method  2  Method  3  Method  4 
16  15  13 

3  2  6 

12  12  9 

8  7  5 

3  3  2 

0  0  0 


Addendum 


Above  5 

Below  14 

=*=50  pounds  or  more  9 

±100  pounds  or  more  6 

±150  pounds  or  more  4 

±200  pounds  or  more  2 


Since  writing  the  above  paper,  the  authors  have  noticed  a 
study,  “Essais  mecaniques  du  caoutchouc  et  probabilites,” 
in  Chimie  et  Industrie,  April,  1928,  by  M.  R.  Fric.  It  is  a  pleasure 
to  acknowledge  this  prior  publication  of  experiments  carried 


out  upon  “pure”  rubber  specimens  using  Schopper  rings,  in  the 
course  of  which  the  author  established  the  approximate  validity 
of  the  law  of  accidental  error  as  applied  to  731  breaks. 

Those  interested  in  the  theory  of  probabilities  will  find  in 
Fric’s  paper  an  elegant  alternative  treatment  of  the  breaking 
tensile  data  in  the  form  of  Ogive  curves.  By  means  of  these, 
he  clearly  demonstrates  the  abnormal  frequency  of  low  values 
which  he  ascribes  to  flaws  in  the  rubber.  It  is  thus  seen  that 
the  preliminary  part  of  the  present  paper  stands  as  an  inde¬ 
pendent  confirmation  of  Fric’s  observations.  The  present 
authors  were,  of  course,  primarily  interested  less  in  the  ultimate 
reduction  to  most  probable  values  than  in  the  development  of 
methods  for  weighting  a  small  number  of  tests. 
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Volumetric  Estimation  of  Sulfur  in  Crude 

Petroleum” 

An  Adaptation  of  the  Nikaido  Method 

Gladys  Woodward3 


Chemical  Laboratory  of  the  College  of  Liberal  Arts,  Northwestern  University,  Evanston,  III. 


ALTHOUGH  the  lamp  method  (1)*  for  the  determina¬ 
tion  of  sulfur  in  petroleum  light  distillates  is  fairly 
rapid,  there  has  been  no  rapid  method,  volumetric  or 
gravimetric,  for  this  determination  in  crude  petroleum  oils. 
The  standard  method  (2)  of  determination  as  barium  sulfate 
includes  two  time-consuming  filtrations  and  weighings.  A 
volumetric  method  which  would  avoid  these  would  be  highly 
desirable.  Such  was  especially  desired  in  the  present  work, 
where  it  was  necessary  to  follow  closely  the  change  in  sulfur 
content  of  the  crude  petroleum  with  each  treatment. 

In  1902  Nikaido  (■?)  suggested  that  sulfate  might  be 
determined  by  titration  with  lead  nitrate  using  potassium 
iodide  as  indicator.  In  50-70  per  cent  alcohol  solution 
lead  iodide  does  not  form  permanently  until  lead  sulfate  is 
quantitatively  precipitated.  Thus,  when  the  yellow  color 
of  lead  iodide  is  permanent,  the  end  point  of  the  reaction  is 
reached.  Since  Nikaido  first  suggested  this  method,  it 
seems  never  to  have  been  used;  perhaps  because  the  reaction 
must  be  carried  out  in  50-70  per  cent  alcohol  solution,  and 
1  perhaps  on  account  of  other  limitations  which  he  also  men¬ 
tions. 

However,  the  method  may  be  easily  applied  to  determine 
i  the  amount  of  sulfuric  acid  present  in  the  washings  from  the 
combustion  of  a  sample  of  oil  in  an  oxygen  bomb.  When  the 
potassium  iodide  indicator  is  added  to  this  solution,  a  small 
amount  of  iodine  is  liberated  coloring  the  solution  yellow. 

1  Received  March  29,  1929. 

2  This  paper  contains  results  of  an  investigation  carried  out  as  part  of 
project  No.  17  of  the  American  Petroleum  Institute  research  program. 
Financial  assistance  in  this  work  has  been  received  from  a  research  fund 
donated  by  the  Universal  Oil  Products  Company.  This  fund  is  being 
administered  by  the  American  Petroleum  Institute  with  the  cooperation 
of  the  Central  Petroleum  Committee  of  the  National  Research  Council. 
Frank  C.  Whitmore  is  director  of  project  No.  17. 

3  Research  Fellow,  American  Petroleum  Institute. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


This  is  caused  by  the  ferric  salts  present  in  the  washings. 
The  solution  cannot  be  titrated  when  it  is  colored,  as  the  end 
point  is  obscured.  The  color  is  easily  removed  by  boiling 
with  a  trace  of  aluminum  powder.  After  concentration  to  a 
volume  of  about  50  cc.,  alcohol  is  added  to  produce  the  50-70 
per  cent  alcohol  solution  necessary. 

The  end  point  is  very  definite,  but  it  may  vary  a  few  drops 
according  to  the  individual.  It  becomes  more  accurate  as 
the  eye  becomes  accustomed  to  the  intensity  of  the  yellow 
color  desired.  The  end  point  is  not  easy  to  distinguish, 
however,  in  yellow  light,  and  therefore  the  titration  must  be 
carried  out  in  daylight  or  in  a  room  lighted  by  blue  bulbs. 

The  method  is  accurate  to  two  drops  of  lead  nitrate  solu¬ 
tion.  This  means  that,  when  0.20  gram  of  sulfuric  acid  is 
present  in  the  solution  to  be  titrated,  the  error  in  the  end 
point  does  not  exceed  0.4  per  cent;  when  0.03  gram  is  present, 
the  error  does  not  exceed  3.0  per  cent.  There  is,  therefore,  a 
smaller  percentage  of  error  as  the  amount  of  sulfuric  acid 
increases.  But  there  is  a  limit  to  this,  for  as  the  amount 
becomes  greater  another  error  enters  in.  When  a  larger 
amount  of  lead  nitrate  solution  is  required  to  react  with  this 
larger  amount  of  sulfuric  acid,  the  alcohol  solution  becomes 
more  dilute  and  the  value  of  the  lead  nitrate  solution  changes 
slightly.  However,  for  as  much  as  0.30  gram  of  sulfuric 
acid  the  titration  is  sufficiently  accurate. 

Table  I  contains  results  of  analyses  on  oil  samples  of 
varying  composition  using  both  the  present  method  and  the 
standard  method  ( 2 ).  It  will  be  seen  that  the  greatest  error 
occurs  in  cases  where  a  very  small  sample  of  low  sulfur  con¬ 
tent  was  used.  With  the  crude  oils,  however,  where  the 
amount  of  sulfuric  acid  formed  was  from  0.1  to  0.25  gram, 
the  deviation  between  the  methods  did  not  exceed  1.8  per 
cent,  which  is  no  greater  than  the  error  the  barium  sulfate 
determination  allows  between  check  determinations. 
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Table  I — Comparison  of  Lead  Sulfate  and  Barium  Sulfate  Methods 


Substance 

Sample 

Used 

H2SO4 

Sulfur  Found  as: 

Devi  a- 

PbSOi 

Method 

Formed 

PbSOi 

BaSOi 

TION 

Grams 

Gram 

Per  cent 

Per  cent 

Per  cent 

Heavy  oil  residue 

1.4500 

0.2497 

5.63 

5.68 

-0.9 

Panuco  crude  oil 

1.2910 

0.2089 

5.29 

5.23 

+  1.1 

Heavy  oil  residue 

1 . 5654 

0.1305 

2.73 

2.78 

-1.8 

Upton-Crane  crude  oil  1 . 5932 

0.10S7 

2.23 

2.25 

-0.9 

Inglewood  crude  oil 
Silica  gel  with  ad¬ 
sorbed  sulfur  com- 

1.283S 

0.0888 

2.26 

2.30 

-1.7 

pounds 

Distillate,  b.  p.  195— 

1.3130 

0.0321 

0.800 

0.831 

-3.7 

230°  C. 

Distillate,  b.  p.  loo- 

0.6340 

0.0151 

0.780 

0.820 

-4.9 

170°  C. 

1 . 2500 

0.0129 

0.338 

0.335 

+0.9 

Light  oil 

0.7633 

0.0117 

0.499 

0.507 

-1.6 

Solutions 


Three  solutions  are  necessary — an  approximately  0.2  N 
■aqueous  solution  of  lead  nitrate;  a  standardized,  approxi¬ 
mately  0.1  N  solution  of  sulfuric  acid  to  be  used  in  standard¬ 
izing  the  lead  nitrate;  a  strong,  almost  saturated  solution 
of  potassium  iodide  to  be  used  as  indicator. 

Lead  Nitrate — -Dissolve  about  33  grams  of  lead  nitrate 
in  water  and  make  up  to  1  liter.  Standardize  by  titration 
against  the  standard  sulfuric  acid  as  follows:  Take  about 
20  cc.  of  the  sulfuric  acid  and  add  water  to  a  volume  of  50  cc. 
Add  100  cc.  of  95  per  cent  alcohol.  The  alcohol  and  water 
may  be  measured  from  a  graduated  cylinder.  Add  about 
0.2  cc.  of  potassium  iodide  indicator.  It  is  most  convenient 
to  measure  this  by  drops  and  to  take  the  same  number  of 
drops  each  time.  Run  in  the  lead  nitrate  until  a  permanent 
yellow  color  is  produced.  The  following  calculation  gives 
the  sulfur  value  of  1  cc.  of  the  lead  nitrate  solution: 


Cc.  H2S04  X  normality  H2S04  X  0.016032 
Cc.  Pb(NOa)2 


grams  sulfur  per  cc. 


Sulfuric  Acid — An  approximately  0.1  N  solution  of  sul¬ 
furic  acid  should  be  used.  This  may  be  conveniently  made 
by  diluting  3  cc.  of  the  concentrated  acid  (sp.  gr.  1.84)  to  1 
liter  and  standardizing  by  any  of  the  usual  methods. 


Potassium  Iodide — Dissolve  50  grams  of  potassium  iodide 
in  water  and  make  up  to  50  cc. 

Procedure 


Enough  oil  is  burned  in  the  oxygen  bomb  to  produce 
approximately  0.03  to  0.25  gram  of  sulfuric  acid.  The  bomb 

Note — -A  Parr  oxygen  bomb  of  illium  alloy  with  a  capacity  of  375  cc. 
was  used.  The  oxygen  pressure  was  35  atm.  In  exploding  the  sample  the 
procedure  of  the  A.  S.  T.  M.  Method  D 129— 27  ( 2 )  was  followed  except  that 
a  larger  sample  was  used. 

is  washed  out  into  a  beaker  keeping  the  volume  of  the  solu¬ 
tion  as  small  as  possible.  The  indicator  is  then  added,  the 
same  amount  being  used  as  in  the  standardization  of  the  lead 
nitrate  solution.  A  small  amount  of  powdered  aluminum  is 
then  added  (about  0.01  gram  is  enough  ordinarily),  and  the 
solution  is  boiled  down  to  a  volume  slightly  less  than  50  cc. 
If  the  solution  still  remains  yellow,  not  enough  aluminum  has 
been  added.  A  300-cc.  Erlenmeyer  flask  is  marked  to  show 
when  a  volume  of  50  cc.  is  reached.  The  solution  is  trans¬ 
ferred  to  this  flask  and  cooled  by  holding  the  flask  under  run¬ 
ning  cold  water.  The  beaker  is  rinsed  out  into  this  flask  with 
a  small  amount  of  water,  enough  to  make  up  to  50  cc.,  and 
the  rinsing  finished  with  the  95  per  cent  alcohol  to  be  used 
in  making  the  solution  up  to  a  50-70  per  cent  alcohol  solution. 
To  do  this,  100  cc.  are  measured  out  and  added  to  the  50  cc. 
of  aqueous  solution  in  the  flask,  as  much  as  desired  being 
used  to  complete  the  rinsing  of  the  beaker.  The  solution 
should  be  colorless.  The  presence  of  metallic  iron  or  alumi¬ 
num  in  the  flask  does  not  interfere.  The  lead  nitrate  is  then 
run  in  until  a  permanent  yellow  color  is  produced. 

The  calculation  of  the  percentage  of  sulfur  in  the  sample  is 
as  follows: 


Cc.  Pb(N03)2  X  sulfur  value  of  1  cc.  X  100 
Grams  sample 


per  cent  sulfur 
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Rapid  Method  for  Determination  of  Phenols' 

J.  A.  Shaw 

The  Koppers  Company,  Mellon  Institute  of  Industrial  Research,  University  of  Pittsburgh,  Pittsburgh,  Pa. 


THE  following  method  has  been  used  in  these  labora¬ 
tories  in  developing  the  gas  recirculation  process  for  the 
recovery  of  phenols  from  ammonia  liquor.  The  de¬ 
velopment  of  this  method  has  enabled  one  man  to  run  a 
very  greatly  increased  number  of  tests  and  as  a  consequence 
has  facilitated  research  work  upon  phenol  removal.  The 
words  “phenol”  and  “phenols”  are  used  in  the  generic  sense 
in  this  article  and  refer  not  only  to  CeH5OH  but  also  to  homolo¬ 
gous  and  related  compounds. 

Apparatus 

One  steam  chamber  (Figure  1) 

Two  Pyrex  test  tubes,  8X1  inch  (20.3  X  2.5  cm.) 

Three  test  tubes,  4  X  V*  inch  (10.2  X  1.2  cm.) 

One  Liebig  condenser,  10  inch  (25.4  cm.) 

One  set  of  graduated  cylinders,  25,  50,  100,  and  250  ml. 

Two  No.  5  rubber  stoppers,  two  holes,  for  8X1  inch  test  tubes 
One  rubber  stopper  for  condenser  inlet 

i  Received  March  19,  1929.  Presented  before  the  Division  of  Water, 
Sewage,  and  Sanitation  Chemistry  at  the  77th  Meeting  of  the  American 
Chemical  Society,  Columbus,  Ohio,  April  29  to  May  3,  1929. 


Two  10-ml.  Mohr  pipets 

Two  300-ml.  bottles  with  stoppers  for  standard  solutions 
One  500-ml.  bottle  with  stopper  for  standard  solution 
Necessary  glass  and  rubber  tubing  and  iron  stands 
Water  and  compressed  air  connections 

Description  of  Steam  Chamber 

One  of  the  main  advantages  of  this  method  of  determining 
phenols  is  the  short  time  required.  Since  it  involves  a  dis¬ 
tillation,  it  is  necessary  that  the  sample  shall  be  very  small 
or  the  rate  of  heat  input  high.  There  are  various  objections 
to  using  a  high-temperature  source  of  heat,  one  of  which  is 
the  danger  of  charring  the  organic  matter  in  the  sample 
It  was  therefore  decided  to  employ  a  form  of  steam  distilla¬ 
tion.  With  a  small  sample,  such  as  10  ml.,  only  a  very  smal 
amount  of  either  evaporation  or  condensation  is  allowable 
The  present  system  using  a  steam  chamber  was  therefor* 
adopted.  The  flow  of  hot  vapor  is  easily  and  delicately 
controlled  by  the  setting  of  the  air  valve.  The  temperatun 
is  kept  almost  exactly  at  the  boiling  point  by  inclosing  th< 
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train  in  a  steam  chamber.  At  first  boiling  water  was  used 
as  the  immersion  medium,  but  steam  is  much  to  be  preferred. 

The  steam  chamber  consists  of  two  parts — a  box  with  a 
U-shaped  gutter  around  the  outside  edge  at  the  top,  and  a 
cover  the  edges  of  which  rest  in  the  gutter  when  it  is  in 
place.  The  box  has  a  drain  at  the  bottom  to  carry  away 
condensate.  Steam  is  introduced  into  the  side  about  3 
inches  (8  cm.)  from  the  bottom,  with  the  inlet  turned  in  such 
a  way  as  to  direct  the  jet  of  steam  toward  the  bottom  of  the 
box.  In  each  end  face  of  the  top  there  is  a  slit  which  ac¬ 
commodates  the  inlet  and  the  outlet  tubes  of  the  train. 
Steam  also  escapes  through  these  slits  keeping  the  pressure 
approximately  at  that  of  the  atmosphere.  This  steam 
chamber  can  conveniently  be  made  of  galvanized  iron.  Or¬ 
dinary  pipe  fittings  can  be 
used  for  the  steam  inlet 
and  the  drain.  The  steam 
chamber  is  mounted  on  a 
stand  at  a  convenient  height 
(about  15  inches  (38  cm.)) 
above  the  table  top  so  that 
a  small  graduated  cylinder 
can  be  placed  under  the  con¬ 
denser. 

The  dimensions  and  de¬ 
tails  of  construction  are 
given  in  Figure  1. 

Reagents 

Sulfuric  acid,  c.  p.,  sp.  gr. 
j  1.84 

Bromine  water 

Stock  solution  of  phenol 
(1.000  gram  of  C6H6OH  per 
liter).  Standard  solutions 
containing  30  and  35  p.  p.  m. 
phenol  are  prepared  from  the 
above  stock  solution  by  dilut¬ 
ing  30  ml.  and  35  ml.,  re¬ 
spectively,  to  1000  ml.  with 
water.  These  should  be 
prepared  fresh  daily.  250  ml.  of  each  are  therefore  usually 
sufficient. 

Methyl  orange  indicator  solution 
Procedure 

The  two  Pyrex  test  tubes  are  connected  by  means  of  glass 
tubing  and  rubber  stoppers  as  shown  in  Figure  2.  The  , 
first  tube  is  two-thirds  filled  with  water.  Ten  milliliters 
of  the  sample  to  be  analyzed  are  placed  in  the  second  tube 
and  acidified  with  a  few  drops  of  1 : 3  sulfuric  acid,  using 
methyl  orange  as  indicator.  The  test  tubes  are  then  stop¬ 
pered  and  placed  in  the  steam  chamber.  The  outlet  from 
the  second  tube  is  connected  with  the  condenser.  The  inlet 
of  the  first  tube  is  connected  with  the  air  line.  It  is  now 
possible  to  blow  air  through  the  water,  then  through  the 
sample  and  into  the  condenser.  A  gentle  current  of  air  (in 
distinct  bubbles  at  the  start)  is  turned  on  and  then  steam 
-  is  turned  into  the  steam  chamber,  the  condenser  first  having 
been  set  to  deliver  into  a  25-ml.  graduated  cylinder.  The 
air  rate  should  be  increased  during  the  latter  part  of  the 
distillation. 

The  air  passes  through  the  hot  water  and  becomes  satu¬ 
rated  and  the  hot  vapor  thus  formed  passes  through  the 
sample  and  distils  out  the  phenols  without  materially  chang¬ 
ing  the  volume  of  the  sample.  As  large  a  volume  of  vapor 
as  desired  may  thus  be  passed  and,  since  there  can  be  neither 
charring  nor  dilution,  very  small  volumes  of  sample  can  be 
distilled  and  the  distillation  accomplished  in  a  very  short 
time.  When  25  ml.  of  distillate  have  been  collected,  the 
distillation  has  been  found  complete  for  concentrations  of 


phenol  up  to  1  gram  per  liter  in  the  sample.  It  has,  however, 
been  found  possible  to  distil  samples  of  considerably  higher 
phenol  content,  but  a  longer  time  and  more  care  are  required 
so  that  1  gram  per  liter  has  been  set  as  the  practical  working 
limit.  When  the  concentration  of  phenol  is  higher  than  this 
the  sample  should  be  diluted  to  less  than  1  gram  per  liter 
of  phenol.  The  distillate  is  mixed  by  shaking  and  is  now 
ready  for  necessary  dilution  and  treatment  with  bromine 
water. 

The  actual  estimation  of  the  phenols  depends  upon  the 
fact  that  when  a  solution  containing  phenols  free  from  cer¬ 
tain  impurities  is  treated  with  bromine  water,  a  colloidal 
precipitate  is  formed  in  the  solution  and  under  carefully  pre¬ 
scribed  conditions  the  cloudiness  produced  thereby  bears 

a  definite  relation  to  the 
amount  of  phenol  present 

C0-* 

For  the  purpose  of  de¬ 
termining  the  amount  of 
phenol  present,  the  exact 
quantity  of  the  previously 
mentioned  distillate  is  noted 
and  small  portions  of  it  are 
successively  diluted  until 
the  concentration  falls  be¬ 
tween  30  and  35  p.  p.  m. 
Three  carefully  sized  4  X 
V2  inch  (10.2  X  1.2  cm.) 
test  tubes  are  then  held  in 
the  hand  side  by  side.  Into 
the  middle  tube  is  poured 
about  1  to  1.5  inches  (2.5  to 
3.8  cm.)  of  the  sample  and 
into  the  tubes  on  either  side 
is  poured  about  the  same 
amount  of  the  standard 
phenol  samples  containing, 
respectively,  30  and  35 
p.  p.  m.  phenol.  The  solu¬ 
tions  in  the  three  tubes  are  adjusted  to  equal  depth  by  shaking 
out  a  few  drops  from  those  containing  the  greatest  amounts. 
The  temperatures  of  the  solutions  in  the  tubes  are  brought  to 
the  same  point  by  shaking  for  a  few  minutes  in  a  water  bath. 
The  desirable  temperature  is  18°  to  20°  C.  These  solutions 
are  then  treated  with  sufficient  bromine  water  to  color  each 
a  light  straw  yellow  of  about  the  same  depth  of  color.  Usu¬ 
ally  three  to  four  drops  of  bromine  water  is  the  right  amount. 
The  tubes  are  then  closed  with  a  clean  finger  and  given  a 
few  violent  shakes  to  mix. 

The  comparison  is  made  immediately  by  holding  the  tubes 
about  a  foot  (30  cm.)  above  a  plain,  dull,  light-colored  surface  in 
a  good  light  so  that  each  tube  will  get  the  same  amount  of  light. 
By  a  little  experimenting  the  analyst  will  soon  determine  the 
most  suitable  intensity  of  light  for  his  individual  eyesight. 
Upon  looking  down  through  the  tubes  (not  crosswise)  the  degree 
of  turbidity  (not  the  color)  may  be  observed.  If  the  dilution 
is  correct,  it  will  be  found  that  the  sample  will  fall  between 
the  two  standards,  and  by  interpolation  the  sample  may  be 
estimated  as  having  30,  31,  32,  33,  34,  or  35  p.  p.  m.  phenol 
concentration. 

Calculation 

P.  p.  m.  phenol  in  standard  matched  X  total  dilution  factor  = 
p.  p.  m.  phenol  in  sample. 

Discussion  of  Method 

The  separation  of  phenols  from  contaminating  substances 
by  distillation  as  described  above  is  empirical,  and  the  pro- 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


In  the  course  of  developing  the  gas  recirculation 
method  for  removal  of  phenols  from  gas  condensates, 
The  Koppers  Company  Laboratory  has  developed  a 
method  for  determination  of  phenols  that  has  proved 
to  be  very  satisfactory,  particularly  with  regard  to  the 
time  factor.  The  time  required  has  been  reduced  from 
6-8  hours  for  the  well-known  Skirrow  method  to  about 
30  minutes  for  the  new  method. 

The  method  is  simple,  requiring  no  unusual  reagents 
or  apparatus  though  certain  forms  of  apparatus  are 
desirable.  The  procedure  consists  of  a  rather  special¬ 
ized  distillation  followed  by  a  determination  of  the 
phenols  in  the  distillate  turbidimetrically.  The  tur¬ 
bidity  is  produced  by  the  addition  of  bromine  water. 
Certain  empirical  conditions  must  be  fulfilled  and  cer¬ 
tain  classes  of  substances  must  be  eliminated.  These 
are  discussed  in  detail. 

The  method  has  been  quite  thoroughly  checked  both 
in  the  laboratory  and  by  use  in  the  plant.  The  method 
is  sensitive  to  30-35  p.  p.  m.  of  phenols. 
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cedure  should  be  followed  exactly  as  described,  except  when 
it  is  necessary  to  remove  certain  interfering  substances  as 
described  below. 

The  method  of  distillation  described  has  advantages  not 
possessed  by  a  dry  or  an  ordinary  steam  distillation.  A 
discussion  of  this  point  would  require  too  much  space  here. 
The  10-ml.  sample  distilled  should  be  slightly  acid  and  should 
not  have  a  phenol  concentration  of  more  than  1000  p.  p.  m. 


Figure  1 — Steam  Chamber 


Alcohols,  amines,  aldehydes,  organic  bases,  oils,  and  in¬ 
organic  salts  interfere  with  the  bromine  test.  It  is  therefore 
necessary  to  separate  them  from  the  phenols.  Oil  alone  may 
often  be  separated  sufficiently  by  filtering  the  sample  through 
a  wet  filter  paper.  A  better  method,  which  will  eliminate 
many  other  substances  as  well,  is  to  render  the  sample  alka¬ 
line  with  sodium  hydroxide,  using  enough  of  the  caustic  to 
make  a  solution  containing  10  per  cent  sodium  hydroxide, 
distil  off  15  ml.  as  in  the  phenol  determination,  discard  the 
distillate  and  wash  the  condenser,  cool  the  sample,  acidify 
carefully  with  sulfuric  acid  and  distil  off  the  phenol  as  above 
catching  25  ml.  of  distillate,  etc.  If,  however,  very  large  quanti¬ 
ties  of  ammonium  salts  are  present,  as  in  saturator  liquor, 
it  is  necessary  to  make  a  distillation  from  acid  solution  first 
and  then  render  the  distillate  alkaline  with  sodium  hydroxide 
(10  per  cent  free  NaOH),  distil  off  the  pyridine,  etc.,  then 
acidify  and  again  distil  off  the  phenols,  catching  25  ml.  of  dis¬ 
tillate  from  10  ml.  of  sample. 

Ammonia  liquors  that  have  stood  for  some  time  will  often 
exhibit  foaming  during  the  distillation.  This  may  usually 
be  overcome  by  filtering  a  quantity  before  measuring  out  the 
sample. 

As  has  been  stated,  the  bromine  method  depends  upon  the 
formation  of  a  colloidal  precipitate.  In  general,  anything 
affecting  the  colloidal  condition  interferes  with  this  test. 
Examples  of  this  are  temperature,  acidity  or  alkalinity,  and 
salts  or  other  substances  in  solution  such  as  protective  col¬ 
loids  or  coagulants. 

It  is  necessary  that  the  temperature  of  the  solution  in 
all  three  comparison  tubes  be  the  same — -preferably  about  18° 
to  20 0  C. ;  hence  the  use  of  the  bath  of  water. 

It  must  also  be  remembered  that  while  the  coloration  due 
to  excess  bromine  should  be  nearly  the  same,  it  is  the  cloudi¬ 
ness,  not  the  color  intensity,  that  is  a  measure  of  the  phenols 
present. 
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Ordinary  tap  water  is  usually  as  satisfactory  for  the  dilu¬ 
tions  as  distilled  water. 

Upon  the  addition  of  bromine  water  the  tubes  should  be 
compared  immediately.  Not  more  than  about  15  to  20 
seconds  should  elapse  between  the  bromine  addition  and  the 
reading  of  the  tests. 

Since  the  method  depends  upon  judging  the  depth  of 
cloudiness  in  the  solution  due  to  the  formation  of  brominated 
phenols,  it  is  suggested  that  the  analyst  practice  reading  the 
turbidity  formed  in  known  solutions  before  attempting  the 
analysis  of  unknown  mixtures. 

It  is  believed  that  the  foregoing  is  sufficiently  specific  to 
enable  any  chemist  to  make  a  satisfactory  determination  of 
phenols  in  water  solution  within  the  apparent  limits  of 
accuracy  of  the  test.  It  has  been  found  readily  possible  to 
interpolate  within  two  points  between  30  and  35  p.  p.  m. 

This  method  has  been  checked  against  synthetic  solutions, 
against  the  Skirrow  method  (2),  and  has  stood  the  test  of 
use  in  engineering  research  calculations. 

The  following  results  were  obtained  by  an  independent 
analyst  on  samples  containing  known  amounts  of  phenol: 


Phenol  Actually  Present 
Grams  per  liter 
5.26 
4.78 
2.01 
1.83 
0.72 
0.67 
0.100 
0.200 


Phenol  Found  by  Method 
Grams  per  liter 
5.46 
4.72 
1.94 
1.70 
0.72 
0.67 
0.097 
0.184 


The  method  has  cut  the  time  required  for  phenol  deter¬ 
minations  from  6  or  8  hours  for  a  Skirrow  method  to  about 
20  minutes  for  this  method.  One  man  working  with  two 
steam  chambers  has  made  twenty-five  determinations  of 
phenol  in  7  hours  and  could  doubtless  have  made  more  with 
better  equipment. 

It  is  evident  that  30  p.  p.  m.  marks  the  lowest  concentra¬ 
tion  that  can  be  determined  directly  by  this  method.  Solu¬ 
tions  having  lower  phenol  concentrations,  however,  can  be 
analyzed  by  this  method  if  they  are  concentrated  by  evaporat¬ 
ing  in  such  manner  as  to  have  a  concentration  of  not  less 


than  10  per  cent  sodium  hydroxide  in  the  hot  phenol  solution 
at  all  times.  It  has  also  been  suggested  to  the  writer  by 
Erich  Laue  that  samples  of  low  phenol  content  may  be 
analyzed  by  this  method  if  the  phenol  present  is  fortified  by 
the  addition  of  a  measured  amount  of  a  stronger  phenol  solu¬ 
tion,  the  phenol  concentration  of  which  is  definitely  known. 
This  procedure,  of  course,  operates  at  the  expense  of  accuracy 
and  must  be  used  with  discretion. 

Phenols  dissolved  in  oils  may  be  analyzed  by  this  method 
if  the  phenol  is  first  transferred  to  water  by  washing  the  oil 
with  three  successive  portions  of  10  per  cent  sodium  hy- 
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ciroxide  solution,  each  portion  representing  about  20  per 
cent  of  the  volume  of  the  oil. 

Several  variations  have  been  proposed  for  increasing  the 
accuracy  obtainable  by  this  test,  but  almost  without  excep¬ 
tion  they  tend  to  complicate  the  test,  increase  the  time  re¬ 
quired,  or  interfere  with  the  immediate  comparison  of  the 
colloidal  bromophenols.  In  certain  special  instances  a  little 
more  refined  technic  has  been  employed  and  a  somewhat 
higher  degree  of  accuracy  has  been  obtained  at  the  expense 
<of  the  time  factor.  The  above  procedure,  however,  was 


decided  upon  as  the  best  for  the  purpose  in  hand — the  study 
of  phenols  in  the  by-product  coking  system. 
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Determination  of  Nitrate  Nitrogen  in  Tobacco' 

Hubert  Bradford  Vickery  and  George  W.  Pucher 
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THE  nitrate  content  of 
plant  tissue  is  usually 
determined  by  titra¬ 
tion  of  the  ammonia  produced 
after  subjecting  an  aqueous 
suspension  of  the  tissue  to  the 
action  of  a  reducing  agent. 

Owing  to  the  presence  of  am¬ 
monia,  or  of  substances  yield¬ 
ing  it,  in  most  tissues,  it  is 
necessary  to  conduct  a  con¬ 
trol  determination  in  the  ab¬ 
sence  of  the  reducing  agent, 
and  the  nitrate  content  is 
calculated  from  the  difference 
in  the  amounts  of  ammonia 
found. 

The  wide  variation  in  the  nitrate  content  of  samples  of 
normal  tobacco  renders  the  determination  of  this  constituent 
a  matter  of  considerable  importance.  Unfortunately,  how¬ 
ever,  accurate  analyses  are  difficult,  since  by  the  usual 
methods  a  considerable  proportion  of  the  nicotine  present 
in  the  sample  comes  over  during  the  distillation  of  the  am¬ 
monia  from  alkaline  solution.  A  method  for  the  determina¬ 
tion  of  nitrate  in  tobacco  was  therefore  sought  which  should 
be  free  from  inaccuracy  due  to  the  volatility  of  nicotine. 

Many  methods  have  been  described  for  the  reduction  of 
nitrate  to  ammonia  as  a  step  in  the  quantitative  estimation 
of  nitrate  nitrogen.  Seydell  and  Wicher  (6)*  investigated  a 
number  of  these  methods  and  concluded  that  the  most  satis¬ 
factory  results  were  secured  when  the  reduction  was  carried 
■out  in  an  acid  solution.  Methods  for  the  analysis  of  the 
nitrate  content  of  fertilizers,  based  on  this  procedure,  have 
been  in  common  use  for  several  years.  The  presence  of  such 
ingredients  as  cyanamide  or  urea  in  fertilizers  introduces  a 
possibility  of  error  which  can  be  controlled  only  by  properly 
conducted  blank  experiments,  and  Jones  (5)  has  described  a 
modification  of  the  acid  reduction  method  which  can  be 
applied  in  such  cases.  His  method  has  recently  been  em¬ 
ployed  for  the  analysis  of  tobacco  (2). 

The  present  method  is  a  modification  of  the  Jones  method. 
In  order  to  avoid  the  high  blank  determinations  due  to  the 
presence  of  nicotine,  this  substance  is  removed  from  the 
sample  by  steam  distillation  from  an  alkaline  solution.  This 
has  several  advantages.  The  blank  determinations  are  both 

1  Received  April  3,  1929.  The  expenses  of  this  investigation  were 
•shared  by  the  Connecticut  Agricultural  Experiment  Station  and  the  Carnegie 
Institution  of  Washington,  D.  C. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


absolutely  and  relatively 
greatly  reduced,  and  no  espe¬ 
cial  precautions  are  necessary 
to  carry  out  exactly  duplicate 
distillations  of  sample  and 
blank.  A  determination  of 
the  nicotine  content  may  be 
made  on  the  steam  distillate. 
Steam  distillation  with  alkali 
removes  any  preexisting 
ammonia  from  the  sample, 
and  also  hydrolyzes  and  re¬ 
moves  most,  at  least,  of  the 
amide  nitrogen  together  with 
some  ammonia  of  other  sec¬ 
ondary  origin — e.  g.,  from 
arginine.  The  occasional  use  of  urea  as  a  fertilizer  for  to¬ 
bacco  introduces  a  possibility  that  this  substance  may  be 
present  in  the  sample.  Although  the  writers  have  not  yet 
found  urea  in  tobacco  extracts,  control  experiments  with 
extracts  to  which  urea  had  been  added  have  shown  that  it  is 
decomposed  to  ammonia  and  removed  during  the  alkaline 
distillation.  Control  experiments  also  showed  that  the  pre¬ 
liminary  distillation  had  no  effect  upon  the  nitrate  present 
in,  or  added  to,  a  tobacco  extract  and  that  added  nitrate 
could  be  recovered  quantitatively. 

Identification  of  Substance  Yielding  Ammonia 

As  a  preliminary  step  it  was  thought  essential  definitely 
to  establish  the  identity  of  the  substance  occurring  in  tobacco 
which,  on  reduction,  yields  ammonia.  Accordingly  a  sample 
of  an  extract  of  fresh  tobacco  leaves  was  distilled  with  steam 
in  the  presence  of  an  excess  of  calcium  hydroxide  until  the 
nicotine  was  removed.  The  residue  was  evaporated  to  dry¬ 
ness,  powdered,  and  extracted  in  a  Soxhlet  apparatus  with 
95  per  cent  alcohol,  in  which  calcium  nitrate  is  soluble,  until 
the  diphenylamine  reaction  for  nitrate  could  no  longer  be 
obtained  upon  the  residue  in  the  extraction  thimble.  The 
extract  was  evaporated,  taken  up  in  cold  water,  filtered  from 
a  little  fat,  and  treated  with  nitron  acetate  solution.  Nitron 
nitrate  crystallized  almost  immediately  and,  when  recrystal¬ 
lized  from  water,  decomposed  at  259-261°  C.  (not  corrected). 
Busch  (3)  gives  the  decomposition  point  as  260°  C.  The  de¬ 
composition  point  of  a  mixture  of  this  preparation  with 
nitron  nitrate  prepared  from  the  pure  potassium  salt  was 
261°  C.  The  sample  of  tobacco  leaf  extract  so  treated  con¬ 
tained  0.149  gram  of  nitrate  nitrogen,  as  indicated  by  the 
iron  reduction  method  described  below.  The  nitron  ni- 


A  modification  of  the  Jones  method  for  determining 
nitrate  nitrogen  is  described  which  is  especially  adapted 
for  the  investigation  of  tobacco  or  its  extracts.  The 
method  consists  in  the  preliminary  quantitative  re¬ 
moval  of  nicotine  by  steam  distillation  of  a  suspension 
of  the  tobacco  in  an  alkaline  solution.  Nicotine  may  be 
determined  in  this  distillate  and  nitrate  in  the  residue 
by  reduction  with  acid  and  reduced  iron  powder.  It  is 
necessary  to  conduct  a  blank  determination  omitting 
the  reducing  agent,  but  the  relative  magnitude  of  this 
blank  is  small  and  it  is  not  highly  variable.  Data  are 
given  illustrating  the  wide  variability  of  the  proportion 
of  nitrate  nitrogen  in  tobacco  and  its  dependence  on 
the  type  of  nitrogenous  fertilizer  employed  in  growing 
the  plant. 
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trate  secured  weighed  0.374  gram,  equivalent  to  0.140  gram 
of  nitrate  nitrogen,  a  yield  of  94  per  cent. 

Method 

The  material,  either  dried,  fresh  leaf,  or  cured  tobacco,  is 
ground  to  a  fine  powder  and  mixed.  Two  5-gram  samples 
are  transferred  to  Kjeldahl  flasks;  30  cc.  of  water,  a  small 
piece  of  paraffin,  and  a  few  angular  quartz  pebbles  are  added 
and  the  mixture  is  shaken;  5  cc.  of  50  per  cent  sodium  hy¬ 
droxide  are  added  and  the  flasks  are  immediately  connected 
to  an  apparatus  arranged  for  distillation  in  a  current  of  steam. 
The  distillate  from  each  flask  is  collected  in  a  1-liter  beaker 
containing  a  suitable  quantity  of  0.1  N  hydrochloric  acid,  100 
cc.  of  water,  and  a  few  drops  of  methyl  red  solution.  The 
adapters  of  the  condensers  are  dipped  below  the  surface  of 
the  acid  in  the  receivers  and  a  moderate  current  of  steam  is 
admitted  to  the  flasks.  Micro  burners  beneath  are  turned 
on  full  until  the  volume  of  the  contents  has  been  reduced  to 
10  to  20  cc.  The  current  of  steam  is  then  increased  and  the 
micro  burners  so  adjusted  as  to  maintain  the  volume  of 
fluid  in  the  flasks  approximately  constant.  Distillation  is 
continued  until  800  cc.  have  passed  over  (30  to  45  minutes) . 
Titration  of  the  distillates  gives  a  measure  of  total  volatile 
base  (nicotine  +  ammonia  +  unidentified  volatile  bases). 
The  distillates  are  subsequently  used  for  the  determination 
of  nicotine  by  the  silicotungstic  acid  method  (1). 

The  flasks  are  removed  from  the  still,  the  inlet  tubes  and 
walls  are  rinsed  down,  and  25  cc.  of  water  are  added  to  each; 
15  to  16  cc.  of  1:1  sulfuric  acid  are  then  added  and  the  flasks 
are  shaken.  To  one  flask  3  grams  of  reduced  iron  powder 
(weighed  to  ±0.2  gram)  of  known  nitrogen  content  are 
added;  the  flask  is  rotated  and  then  allowed  to  stand  until 
the  reaction  has  moderated.  Funnels  are  placed  in  the 
necks  of  both  flasks  to  serve  as  condensers  and  the  contents 
are  slowly  heated  and  then  boiled  gently  for  5  minutes  with 
occasional  shaking;  200  cc.  of  cold  water  and  a  few  angular 
quartz  pebbles  are  added  to  each  flask  and  the  contents  are 
made  alkaline  by  the  addition  of  30  to  35  cc.  of  saturated 
sodium  hydroxide  solution.  The  flasks  are  at  once  connected 
to  a  Kjeldahl  distillation  apparatus  and  the  contents  dis¬ 
tilled  into  0.1  N  hydrochloric  acid  until  approximately  150  cc. 
of  distillate  have  been  collected.  The  difference  between  the 
acid  consumed  in  the  titration  of  the  two  distillates,  further 
corrected  for  the  titration  value  of  the  ammonia  contained 
in  the  reduced  iron  powder,  gives  the  nitrogen  equivalent  of 
the  nitrate  in  the  original  5-gram  sample. 

Discussion  of  Method 

Because  of  reactions  yielding  a  little  ammonia  which  occur 
when  the  sample  is  heated  with  acid,  the  blank  determination 
conducted  as  described  cannot  be  entirely  avoided.  It  is 
apparent  from  Table  I,  however,  that  the  blank  is  remarkably 
constant  in  magnitude  and  is  small  in  relation  to  the  nitrate 
determination. 

The  steam  distillation  of  the  nicotine  can  hardly  be  con¬ 
ducted  without  the  aid  of  an  antifrothing  material.  Paraffin 
has  proved  to  be  satisfactory,  although  traces  of  it  distil  over. 
The  steam  distillate  is  acidified  with  3  cc.  of  dilute  hydro¬ 
chloric  acid  immediately  after  titration,  is  then  concen¬ 
trated  in  vacuo  to  about  100  cc.,  transferred  quantitatively 
through  a  filter  into  a  200-cc.  flask,  and  made  to  volume. 
One-quarter  of  this  solution  is  a  convenient  aliquot  for  the 
determination  of  nicotine  by  the  silicotungstic  acid  method 
when  the  nicotine  content  of  the  tobacco  is  over  1  per  cent. 

The  titration  of  the  steam  distillate  gives  a  figure  from 
which,  after  subtracting  a  quantity  of  acid  equivalent  to  the 
nicotine  determined  gravimetrically,  the  non-nicotine  vola¬ 
tile  bases  may  be  calculated.  It  has  been  found  possible  to 


determine  the  ammonia  in  these  solutions  by  the  use  of 
permutite  (4),  since  nicotine  is  not  taken  up  by  this  reagent. 
The  sum  of  the  alkalinity  due  to  the  nicotine  and  that  of  the 
ammonia,  when  deducted  from  the  total  titration  figure, 
invariably  leaves  a  small  quantity  which  we  attribute  to 
the  presence  of  traces  of  as  yet  unidentified  volatile  bases. 
This  subject  is  under  investigation.  The  application  of 
Folin’s  permutite  technic  to  the  determination  of  ammonia 
and  amide  nitrogen  in  tobacco  is  to  be  described  in  a  forth¬ 
coming  paper. 

Table  I — Analysis  of  5-Gram  Samples  of  Dry  Tobacco  for  Nitrate 
Nitrogen  and  Nicotine 


F  0.1  VHC1  after  0.1VHC1  NOa 
a  rr"  Reduction  Blank  Nitrogen 


Nicotine 


Cc. 

Cc. 

Per  cent 

Per  cent 

45 

6.33 

1.80° 

0.11 

6.45 

1.74 

0.12 

46 

12.25 

1.80 

0.28 

1.96 

13.50 

1.60 

0.32 

1.98 

13.89 

1.70 

0.32 

2.06 

13.40 

1.70 

0.31 

2.01 

48 

5.50 

1.80 

0.087 

1.50 

5.95 

1.80 

0.099 

1.48 

51 

30.00 

1.95 

0.77 

1.75 

30.80 

1.80 

0.80 

1.66 

30.20 

1.95 

0.77 

53 

24.30 

1.85 

0.61 

1.96 

24.20 

1.90 

0.61 

1.92 

23.10 

0.58 

55 

9.42 

1.50 

0.21 

1.94 

10.00 

1.50 

0.22 

1.95 

9.68 

0.21 

83 

4.60 

1.60 

0.067 

1.22 

4.29 

1.40 

0.064 

1.23 

85 

5.10 

1.47 

0.085 

2.22 

5.35 

1.40 

0.094 

2.26 

42 

5.35 

0.60 

0.13 

2.01 

Extract  =  5 

grams  5.01 

0.61 

0.12 

1.81 

44 

5.32 

0.53 

0.12 

Extract  =  5 

grams  5.42 

0.60 

0.12 

“  0.6  cc.,  representing  nitrogen  content  of  sample  of  reduced  iron 
used,  to  be  added  to  this  blank. 


The  method  described  above  for  the  determination  of 
nitrate  nitrogen  may  be  applied  to  extracts  of  tobacco.  A 
suitable  extract  may  be  prepared  as  follows:  A  25-gram 
sample  of  powdered  material  is  mixed  with  150  cc.  of  water 
and  5  cc.  of  10  per  cent  (by  volume)  hydrochloric  acid  are 
added.  This  produces  an  acidity  at  which  nicotine  is  not 
volatilized.  The  mixture  is  boiled  15  minutes  with  constant 
stirring  and  is  then  centrifuged.  The  clear  fluid  is  decanted 
into  a  500-cc.  volumetric  flask  and  the  cake  washed  twice  by 
transferring  with  75  cc.  water  to  the  original  beaker,  boiling 
for  5  minutes  each  time,  and  centrifuging. 

Parallel  determinations  of  nicotine  and  nitrate  on  the 
dry  material  and  upon  one-fifth  aliquots  of  its  extract  (Table 
II)  indicate  that  the  extraction  is  practically  quantitative. 
It  has  been  observed,  however,  that  such  extracts,  unless 
carefully  protected  against  the  invasion  of  microorganisms, 
undergo  a  slow  change  involving  a  diminution  of  nitrate  nitro¬ 
gen.  Analyses  of  extracts  should  therefore  be  carried  out 
without  delay. 


Table  II — Comparison  of  Nitrate  Nitrogen  and  Nicotine  Determina- 
tions  on  Dry  Sample  and  Extracts  of  Same  Material 


Sample 

Dry  Sample 

Extract 

Nicotine  nitrogen 

Nicotine  ^gen 

Per  cent  Per  cent 

Per  cent  Per  cent 

A 

0.32 

0.32 

A 

0.31 

0.31 

B 

0.15 

0.14 

C 

0.11 

0.12 

D 

0.78 

0.73 

E 

1.39 

1.20 

ff  Table  III  gives  a  number  of  nitrate  determinations  by 
the  Jones  method,  together  with  determinations  on  the 
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same  samples  by  the  present  modification.  Full  titration 
data  are  shown  for  the  first  four  samples. 


Table  III — Determinations  of  Nitrate  Nitrogen  in  Tobacco  by  Jones 
Method  and  by  Modified  Method 


Sample 

Jones  Method 

Modified  Jones  Method 

0.  1  N 
HC1 
with 
reduc¬ 
tion 

0.1  N 
HC1 
blank 

NOa 

nitro¬ 

gen 

0.1  N 
HC1 
with 
reduc¬ 
tion 

0.1  N 
HC1 
blank 

NOa 

nitro¬ 

gen 

0.1  N 
vola¬ 
tile 
base 

Cc. 

Cc. 

Per  cent 

Cc. 

Cc. 

Per  cent 

Cc. 

1  (dry) 

34.10 

21.03“ 

0.38 

13.55 

1.85“ 

0.31 

21.4 

2  (dry) 

20.50 

16.49 

0.095 

4.73 

1.30 

0.079 

16.6 

3  (dry; 

20.91 

16.65 

0.074 

5.23 

1.44 

0.090 

17.0 

4  (extract) 

20.40 

5.25 

0.39 

15.15 

1.00 

0.35 

5.4 

8735 

0.086 

0.09 

7982 

0.306 

0.25 

7981 

0.216 

0.20 

8734 

0.096 

0.13 

a  0.6  cc.  to  be  added  to  this  figure  for  blank  on  reduced  iron  powder  used. 
b  Data  obtained  by  Analytical  Department  of  Connecticut  Agricultural 
Experiment  Station. 


Table  IV — Nitrate- Nitrogen  and  Nicotine-Nitrogen  Content  of  To¬ 
bacco  Grown  under  Application  of  Different  Nitrogenous  Fertilizers 

(Results  calculated  on  air-dry  basis) 


Fertilizer 

Total 

Nitrogen 

NOs 

Nitrogen 

Nicotine 

Nitrogen 

Nico¬ 

tine 

% 

% 

% 

% 

FIELD  CROPS - CURED  TOBACCO 

None 

2.54 

0.113 

0.321 

1.86 

Cottonseed  meal 

3.19 

0.296 

0.346 

2.00 

Sodium  nitrate 

2.63 

0.093 

0.258 

1.49 

Ammonium  sulfate 

4.00 

0.779 

0.294 

1.70 

Urea 

3.71 

0.598 

0.335 

1.98 

Calcium  nitrate 

2.79 

0.213 

0.336 

1.99 

Castor  pomace 

2.45 

0.121 

0.352 

2.04 

HOT-HOUSE  CROPS - FRESH  LEAF 

None 

2.04 

0.000 

0. 141 

0.816 

Cottonseed  meal  and  castor  pomace  5.2 

1  19 

0.398 

2.30 

Potassium  nitrate 

4.9 

0.722 

0.382 

2.21 

While  the  agreement  between  the  two  methods  is  fairly 
close,  it  is  clear  that  the  variation  is  irregular  and  in  several 
cases  is  20  per  cent  or  more  of  the  quantities  measured. 


Considerable  experience  with  this  modification  of  the  Jones 
method  has  shown  that  in  duplicate  experiments  the  blank 
determinations  should  check  within  0.5  cc.  0.1  iV  acid  while 
0.2  cc.  is  usual.  With  tobacco  samples  containing  0.1  per 
cent  or  more  of  nitrate  nitrogen  duplicate  determinations 
should  agree  within  5  per  cent  of  themselves.  With  samples 
of  lower  nitrate  content  a  slightly  greater  variation  may  be 
admitted.  These  conclusions  are  exemplified  by  the  data  of 
Table  I. 

To  illustrate  the  wide  variation  in  nitrate  content  of  tobacco 
grown  with  different  fertilizers,  the  data  in  Table  IV  are 
given. 

It  is  of  particular  interest  to  observe  that  the  proportion 
of  nitrate  nitrogen  in  the  field  crops  is.  lowest  in  the  tobacco 
grown  on  sodium  nitrate  fertilizer.  This,  of  course,  is  due  to 
the  rapid  leaching  of  this  substance  from  the  soil  under 
field  conditions.  The  nitrate  in  the  hot-house  crop  on  po¬ 
tassium  nitrate  fertilization,  where  no  leaching  could  occur, 
was  unusually  high.  The  hot-house  crop  grown  without 
fertilizer  contained  no  nitrate  whatever,  even  the  delicate 
qualitative  tests  being  negative.  Nitrate  nitrogen  may 
therefore  vary  from  zero  to  over  1  per  cent  of  the  air-dry 
weight  of  the  tobacco  leaf  and  is  the  most  highly  variable 
nitrogenous  constituent  of  this  plant  that  we  have  yet  en¬ 
countered. 

Although  this  method  is  chiefly  designed  for  the  investi¬ 
gation  of  tobacco,  there  are  many  reasons  why  it  may  prove 
advantageous  for  the  determination  of  nitrate  in  other  plants, 
particularly  where  these  contain  high  proportions  of  amide 
nitrogen. 
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A  New  Volumeter  Using  Water  as  the  Measuring 

Medium' 

J.  A.  Fries 

137  Park  Ave.,  State  College,  Pa. 


THE  chemist  or  research  worker,  especially  in  dealing 
with  gases,  frequently  needs  to  know  the  exact  volume 
of  a  particular  set  of  apparatus,  as  well  as  the  volume 
of  reagents  used  and  the  displacement  values  of  other  filling 
materials,  etc.,  so  that  he  can  at  the  end  of  an  operation  com¬ 
pute  the  residual  contents  and  dispense  with  the  final  sweep¬ 
ing-out  process.  But,  aside  from  the  measuring  by  means  of 
filling  with  some  liquid,  there  is  apparently  no  convenient 
method  for  such  volume  determinations. 

The  method  presented  herein  is  simple  and  accurate,  and 
uses  water  as  the  reagent  or  measuring  medium.  The 
volumeter  is  constructed  of  materials  found  in  most  labora¬ 
tories,  and  simply  by  coupling  in  different  sizes  of  additional 
water  containers  it  can  be  made  to  suit  almost  any  size  of 
apparatus.  Further,  the  method  is  applicable  to  any 
condition  of  vapor  pressure  from  nothing  to  that  of  complete 
saturation  in  the  presence  of  liquid  water. 

1  Received  April  5,  1929. 


Underlying  Principle 

Assume  that  a  flask  or  any  other  apparatus  containing  air 
is  connected  air-tight  to  the  upper  end  of  a  tube,  such  as  a 
buret,  which  is  filled  with  water  to  a  definite  height,  the  outlet 
end  being  open  to  the  air.  If,  after  the  pressure  of  the  gases 
in  the  apparatus  has  been  made  equal  to  that  of  the  atmos¬ 
phere,  the  tube  is  opened,  the  water  in  the  tube  will  empty 
only  to  within  a  certain  distance  from  the  outlet  end.  The 
vertical  distance  of  the  column  of  water  remaining  in  the 
buret  represents  a  condition  of  equilibrium  for  the  total 
volume  of  the  particular  apparatus  plus  connections,  and  the 
atmospheric  pressure. 

Thus  the  change  of  water  level  in  the  buret,  from  zero  down, 
is  a  measure  of  the  total  expansion  of  the  air  volume  due  to  a 
definite  change  in  pressure,  and  this  change  in  pressure  is 
indicated  by  the  height  of  the  water  column  from  the  water 
level  to  the  outlet  end  of  the  tube.  The  barometric  pressure 
minus  the  pressure  of  this  water  column  equals  the  pressure 
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of  the  gas  mixture  in  the  apparatus.  A  similar  condition  of 
equilibrium  can  be  obtained  by  compression  of  the  gases, 
but  the  vapor  complications  were  found  to  be  more  confusing 
and  difficult  to  handle  and  hence  only  the  method  suited  for 
expansion  will  be  given. 

Theoretically  the  height  of  the  column  of  water  (reduced  to 
mm.  Hg)  in  the  buret  should  be  the  correct  measure  of  the 
pressure  change  of  the  gas,  but  practically  there  is  a  slight 
error  due  to  surface  tension  and  capillarity.  In  order  to 

overcome  this  interfer¬ 
ence,  in  part  at  least, 
to  allow  the  water  to 
reach  its  level  with 
greater  accuracy,  and 
to  be  able  to  use  the 
same  water  repeatedly, 
the  end  of  the  buret  is 
allowed  to  dip  under 
water. 

Description  of  Volu¬ 
meter 

The  volumeter  con¬ 
sists  of  a  carefully  cali¬ 
brated  50-cc.  buret,  A, 
graduated  in  0.05  cc. 
and  capable  of  being 
read  to  0.01  or  0.02 
cc.  accurately.  Two 
small-bore  connecting 
glass  tees,  B,  are  pro¬ 
vided  with  three  stop¬ 
cocks  C,  D,  E.  The 
wooden  stand,  H,  has  a 
piece  cut  out  of  the  base 
so  that  it  can  be  used 
at  the  edge  of  a  desk  or 
other  support  when  an 
extension  tube  to  the 
buret  is  needed.  At  the 
lower  end  of  the  stand  a  smooth  sheet-metal  plate,  L,  is 
fastened.  On  this  plate  at  the  proper  place  a  horizontal  line, 
the  0-cm.  line,  is  drawn,  and  at  measured  intervals  from  this 
other  horizontal  lines  indicate  the  distances  in  centimeters. 
The  buret  is  wired  securely  to  small  wooden  blocks  on  this 
stand,  the  50-cc.  mark  coming  exactly  over  the  0-cm.  mark 
on  the  metal  plate. 

A  400-cc.  lipped  beaker,  I,  rests  on  a  flat-bottom  tray,  and 
is  adjusted  so  that  the  surface  of  the  water  as  it  stops  over¬ 
flowing  is  exactly  opposite  one  of  the  centimeter  lines.  A 
small  glass  tube  attached  to  the  end  of  the  buret  reaches 
almost  to  the  bottom  of  the  beaker.  A  is  a  rubber  tube  for 
drawing  the  water  into  the  buret  from  the  beaker,  and  G 
is  a  tube  connecting  with  the  apparatus  to  be  tested.  Glass 
tubes  should  be  used  wherever  possible,  and  where  rubber 
tubing  is  necessary  in  the  connections  it  should  consist  of 
short  pieces  of  thick-walled  tubing. 

A  volumeter  of  this  size  is  suitable  for  determining  volumes 
up  to  at  least  2  liters. 

Complications  Due  to  Vapor  and  Cooling 

In  the  system  whose  volume  is  to  be  tested  a  partial 
saturation  of  water  vapor  may  exist,  and  in  the  buret  and 
some  connections  is  a  small  volume  of  fully  saturated  vapor 
over  water,  and  when  air  enters  the  buret  vapor  forms  until 
its  saturation  pressure  is  reached.  These  complications  might 
at  first  appear  to  prevent  the  use  of  water  as  a  medium  for 
volume  determination.  But  the  vapor  difficulties  can  be  over¬ 
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come,  and  consequently  water  becomes  a  handy  means  for 
accurate  volume  determinations. 

In  a  room  where  the  temperature  remains  practically  con¬ 
stant  there  is  little  danger  of  error  from  diffusion  of  vapor 
from  the  buret  back  into  the  apparatus.  The  several  centi¬ 
meters  of  small-bore  connections  are  a  very  efficient  safe¬ 
guard,  and  by  careful  manipulation  of  the  stopcocks  in 
filling  the  buret  and  in  equalizing  the  pressure,  the  operation 
can  be  repeated  a  large  number  of  times  without  introducing 
a  noticeable  error  by  vapor  diffusion. 

The  slight  cooling  effect  which  accompanies  the  expansion 
of  the  gases  during  a  volume  determination  is  considered 
negligible,  several  minutes  being  allowed  for  equalization 
before  the  buret  reading  is  taken. 

Use  of  Volumeter 

Certain  preliminary  checking  and  measurements  are  neces¬ 
sary.  The  accuracy  of  the  buret  must  be  ascertained  by 
weighing  the  water  delivered,  allowing  a  definite  time  of  3 
to  5  minutes  for  drainage,  and  the  volume  factor  computed. 
A  table  should  be  made  converting  the  distances  between 
the  cubic  centimeter  marks  on  the  buret  directly  into  centi¬ 
meters. 

After  the  connections  on  the  volumeter  have  been  tested 
for  tightness,  the  volume  of  the  space  above  the  0-cc.  mark 
on  the  buret  and  the  two  stopcocks  D  and  E  is  determined 
by  weighing  or  measuring  the  water  required  to  fill.  Like¬ 
wise  the  total  volume  from  0  cc.  to  the  end  of  tube  G,  where 
it  connects  with  the  apparatus  to  be  tested,  is  determined. 
These  volumes  can  also  be  checked  by  the  volumeter  itself. 
Other  factors  required  in  the  determination  are  the  usual 
ones  for  volumetric  work  with  gases.  It  is  necessary  to  have 
the  correct  reading  of  the  barometric  pressure.  A  sensi¬ 
tive  correct  thermometer  is  needed  to  get  the  temperature 
of  the  room  air  and  the  water  used  in  the  buret.  It  is  also 
important  to  know  the  vapor  pressure  in  the  air  of  the  room — 
in  other  words,  in  the  apparatus  to  be  tested.  For  this  pur¬ 
pose  a  wet  and  dry  bulb  or  a  sling  psychrometer  can  be  used, 
the  vapor  pressure  being  computed  according  to  the  follow¬ 
ing  formula  (1):* 

e  =  e'-  0.00074 b  (t  -  t') 

where  e  =  vapor  pressure  in  mm.  Hg,  e'  =  maximum  vapor 
pressure  at  the  temperatue  of  the  wet  bulb,  b  =  barometric 
pressure  corrected  for  temperature,  t  =  dry  bulb,  t'  =  wet 
bulb  reading. 

It  has  been  assumed  in  connection  with  this  work,  that 
vapor,  at  constant  temperature,  under  any  degree  of  satura¬ 
tion  so  long  as  liquid  water  is  not  present,  upon  expansion 
follows  Boyle’s  law.  It  has  also  been  assumed  that  vapor  in 
a  given  space,  over  water  and  at  constant  temperature,  is 
not  influenced  by  changes  in  pressure,  although  its  per¬ 
centage  relation  to  other  gases  varies  according  to  pressure 
changes.  Reference  to  vapor  pressure  in  millimeters  of 
mercury  is  a  quantitative  expression  which  enables  one  to 
employ  the  percentage  relation  of  vapor  to  other  gases  in  the 
computations. 

Manipulation — The  apparatus  to  be  tested  is  connected 
to  the  volumeter  at  G,  stopcock  C  open,  D  closed,  and  E 
open.  Beaker  I  is  filled  with  distilled  water  of  the  same 
temperature  as  the  surrounding  air.  The  temperature  of 
the  water  is  carefully  noted.  Water  is  drawn  up  into  the 
buret  and  adjusted  to  the  zero  mark.  Stopcock  E  is  closed, 
D  opened,  and  C  closed.  Enough  distilled  water  is  poured 
into  the  beaker  to  assure  an  overflow  when  water  is  added 
from  the  buret.  Stopcock  F  is  fully  open,  the  time  noted, 
and  allowed  to  drain  a  definite  time,  3  to  5  minutes.  F  is 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 
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closed  and  the  water  level  read  as  accurately  as  possible, 
using  a  reading  glass  if  necessary. 

Example 

Apparatus  tested — a  laboratory  wash  bottle 

Barometric  pressure  -  729.5  mm.  at  23°  C.  =  726.57  mm.  at 
0°  C. 

Room  temperature  =  27.35°  C.  =  27.057  mm.  saturated  vapor 
tension 

Water  temperature  =  27.35°  C. 

Vapor  pressure  in  room  air  =  9.73  mm. 

Volume  of  space  above  0.0  cc.  mark  =  8.978  cc. 

Buret  reading  =  36.69  cc. 

Height  of  water  column  =  31.513  cm. 

Correction  for  capillarity  =  0.33  cm.  water 

The  corrected  volume  read  on  the  buret  is  the  total  expansion 
of  gases  from  all  sources,  and  the  corrected  volume  of  the  column 
of  water  is  the  pressure  change  corresponding  to  the  change  in 
volume.  This  increase  in  volume  includes  the  expansion  of  the 
gas  mixture  in  the  flask,  expanding  as  a  true  gas  since  no  water 
was  present,  the  expansion  of  the  8.978  cc.  of  air  above  the  water 
in  the  buret,  and  the  vapor  added  in  the  buret  to  change  the 
mixture  from  a  state  of  partly  to  one  of  completely  saturated 
vapor. 

Calculations 

In  computing  the  results  the  best  procedure  is  first  to 
eliminate  both  the  amount  of  vapor  added  in  the  buret  and 
the  total  originally  saturated  volume  above  the  buret  water, 
and  in  the  example  given  that  plan  is  followed : 

36.69  cc.  X  1.0019  (buret  factor)  =  36.760  grams  or  cubic 
centimeters  corrected 


Water  column  31.513  cm.  —  0.33  cm.  (capillary  correction)  = 
31.183  cm.  at  27.35°  C. 

31.183  X  0.99598  (factor  for  temperature)  =  31.039  grams  or 
cm.  H20 

31.039  cc.  X  0.73554  (factor  for  cc.  H20  to  mm.  Hg)  = 
22.830  mm.  Hg 

726.57  —  22.830  =  703.74  mm.  pressure  in  flask 

(22.830  -4-  726.57)100  =  3.1422  per  cent  change  in  pressure 

(36.760  cc.  X  676.683)  -4-  703.74  mm.  =  35.347  cc.  dry  air  in 
total  expansion 

(8.978  cc.  X  699.513)  -4-  726.57  mm.  =  8.644  cc.  dry  air  in 
original  saturated  volume 

(8.644  cc.  X  726.57)  -4-  703.74  mm.  =  8.925  cc.  dry  air  at 
703.74  mm.  Hg  pressure 

8.925  —  8.644  =  0.281  cc.  expansion 

35.347  cc.  (dry  air  in  total  expansion)  —  0.281  cc.  =  35.066  cc. 
dry  air  from  flask  in  volume  increase 

At  this  point  the  vapor  which  was  added  and  the  8.978  cc. 
originally  over  water  have  been  completely  eliminated  from  the 
problem. 

The  original  vapor  pressure  in  the  flask  was  9.73  mm.,  which  is 
equal  to  1.339  per  cent  of  the  total  pressure  and  hence  the  dry 
air  =  98.661  per  cent  of  the  total.  (35.066  -4-  98.661)100  = 
35.542  cc.,  which  represents  3.1422  per  cent  of  the  total  volume. 
(35.542  -4-  3.1422)100  =  1131.12  cc.  total,  and  subtracting  from 
this  the  35.54  cc.  increase  leaves  1095.68  cc.  as  the  volume  of  the 
flask.  The  theoretical  volume  computed  from  the  weight  of 
water  required  to  fill  the  flask  was  1096.25  cc.  Trials  with  two 
flasks  coupled  together  gave  on  one  day  a  value  of  2143.78  cc., 
and  on  another  day  2144.53  cc.  The  theoretical  volume  for 
the  two  flasks  was  2144.65  cc.  These  results  are  considered 
satisfactory,  and  show  the  accuracy  of  the  method  when  operated 
under  fairly  good  conditions. 
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Bimetallic  Electrodes  for  Titrations  Involving  a 
Change  of  Hydrogen-Ion  Concentration' 

Raymond  Matthew  Fuoss 

Skinner,  Sherman  &  Esselen,  Inc.,  Boston,  Mass. 


THE  necessity  arose  in 
this  laboratory  for  a 
method  of  titrating 
certain  highly  colored  col¬ 
loidal  alkaline  solutions. 

Bimetallic  electrode  systems 
for  oxidation-reduction  titra¬ 
tions  have  been  described  by 
Willard  and  Fenwick  ( 8 )  *  and 
by  Furman  ( 3 , 4, 5) .  Furman 
(4)  also  states  that  the 
amalgamated  gold  electrode 
may  be  used  to  follow  neutrali¬ 
zations  of  hydrochloric  acid 
or  sulfuric  acid,  and  Todd 
(7)  has  patented  the  use  of 
the  cadmium-antimony  alloy-iron  pair  for  determination  of 
hydrogen-ion  concentrations.  It  was  therefore  decided  to 
investigate  further  the  possibilities  of  such  systems  for  the 
problem  in  question.  The  characteristics  of  four  electrode 
pairs  have  been  studied  and  are  reported  in  this  communica¬ 
tion. 

Apparatus 

The  apparatus  consisted  of  a  Leeds  and  Northrup  No.  7654 
pH  indicator  (one  scale  division  equals  2  mv.),  titration  beaker, 

1  Received  November  3,  1928. 

2  Patent  application  has  been  made  to  cover  such  industrial  uses. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


motor  stirrer,  buret,  and  a 
pair  of  electrodes,  which  were 
connected  to  the  potenti¬ 
ometer  through  a  reversing 
switch.  The  electrodes  were 
soldered  to  copper  lead- wires, 
and  were  simply  hung  over 
the  edge  of  the  beaker  so  that 
they  were  about  half  im¬ 
mersed.  The  soldered  junc¬ 
tion  was  coated  with  paraffin 
to  prevent  contamination  of 
the  electrode  when  the  elec¬ 
trode  was  rinsed  with  acid. 

Method 

A  definite  volume  of  “unknown”  was  pipetted  into  the 
beaker  and  diluted  to  about  150  cc.  The  electrodes  were 
inserted  and  standard  solution  was  added  at  one-minute 
intervals  in  successive  portions  of  decreasing  size  until  the 
magnitude  of  the  change  of  voltage  with  portion  of  solution 
added  gave  warning  that  the  end  point  was  near.  The  ti¬ 
tration  was  then  carried  over  the  end  point  by  adding  at  60- 
second  intervals  equal  portions  (usually  3  drops)  of  standard 
solution.  The  electromotive  force  usually  became  nearly 
but  not  quite  constant  in  60  seconds;  the  value  at  exact 
60-second  intervals  was  noted  for  the  curve,  however.  The 
reason  for  this  procedure  is  twofold:  First,  the  location  of 
the  end  point  on  the  graph  is  made  sharper,  as  a  rule,  by  this 


The  following  electrode  pairs  have  been  used  for  po- 
tentiometric  titrations  involving  a  change  of  hydrogen- 
ion  concentration:  antimony-lead,  antimony-amal¬ 
gamated  copper,  bismuth-silver,  and  copper-copper 
oxide.  All  of  these  gave  satisfactory  results  if  due 
precautions  were  taken;  for  general  acidimetric  and 
alkalimetric  work,  however,  the  writer  prefers  the 
antimony-amalgamated  copper  pair. 

The  use  of  two  suitably  chosen  metallic  electrodes 
as  discussed  in  this  paper  suggests  various  industrial 
applications — For  example,  indicating,  recording,  and 
process  control  equipment  in  cases  where  a  change  of 
pH  occurs.2  The  applicability  of  the  method  for 
volumetric  determinations  of  metals  has  been  sug¬ 
gested. 
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Figure  1 — Titration  of  Sodium  Hydroxide  with 
0.1  N  Hydrochloric  Acid 

Abscissas  marked  EP  are  calculated  end  points. 

Abscissa  units  are  cubic  centimeters. 

method  for  antimony-amalgamated  copper  and  for  antimony- 
lead,  because  the  drift  is  in  opposite  directions  on  opposite 
sides  of  the  end  point,  as  will  be  pointed  out  later;  and  second, 
the  total  time  of  titration  is  shortened  by  adding  portions  at 
one-minute  intervals  rather  than^waiting  until  the  e.  m.  f.  is 
steady  after  each  portion,  which  would  require  perhaps  10 
minutes  per  portion,  as  indicated  by  experiments  made  in 
buffer  solutions  which  will  be  discussed  later.  The  drift  was 
greatest  in  titrations  of  sodium  hydroxide  or  hydrochloric  acid, 
weaker  with  acetic  acid,  and  almost  negligible  with  sodium 

carbonate.  The  value  of 
A E/  AV  was  then  plotted 
against  the  cubic  centi¬ 
meters  of  titer  solution, 
and  the  end  point  read 
from  the  graph.  The 
end  point  can  also  be  es¬ 
timated  quite  closely  by 
inspection  from  the 
values  of  the  e.  m.  f.  as 
noted. 

Antimony-Lead 

The  antimony  elec¬ 
trode  (5  X  1  X  0.5  cm.) 
was  made  from  a  stick  of 
cast  antimony  by  pour- 
,  ing  molten  chemically 
pure  antimony  into  a 
glass  tube  held  in  a 
plaster  of  Paris  cast. 
The  bar  was  filed  until 
all  surface  pits  were  re¬ 
moved  and  was  then 
rubbed  with  emery  paper 
until  smooth.  It  was 
cleaned  with  concen¬ 
trated  hydrochloric  acid 
and  rinsed  wdth  distilled  water  before  each  titration.  The  lead 
electrode  was  a  cylinder  6  cm.  long  and  0.8  cm.  in  diameter,  cut 
from  a  bar  of  commercial  lead.  It  was  cleaned  before  each 
titration  with  6  N  nitric  acid,  and  rinsed  with  distilled  water. 
In  several  of  the  titrations  indicators  were  added  and  their 


end  points  noted.  The  indicators  used  were  phenolphthalein 
(8.3  to  10.0),  bromothymol  blue  (6.0  to  7.6),  and  methyl 
orange  (3.1  to  4.4).  These  colorimetric  end  points  (1)  are 
indicated  on  the  titration  curves  A  (P  =  phenolphthalein, 
MO  =  methyl  orange,  BTB  =  bromothymol  blue,  etc.)  in 
Figures  1  to  3.  It  will  be  noted  that  a  characteristic  break 
is  obtained  at  the  bromothymol  blue  end  point,  which  corre¬ 
sponds  to  exact  neutrality.  The  electrometric  end  points 
also  check  within  the  experimental  error  the  stoichiometric 
end  points,  which  are  indicated  by  the  abscissas  marked  EP 
on  Figures  1  and  2,  as  calculated  from  the  volumes  of  solutions 
used.  (The  normalities  of  the  standard  solutions  were  de¬ 
termined  by  the  usual  methods.)  Curve  A  in  Figure  1  is  for 
sodium  hydroxide  titrated  with  0.1  N  hydrochloric  acid;  in 
Figure  2,  for  hydrochloric  acid  with  0.1  N  sodium  hydroxide; 
and  in  Figure  3,  curve  A  shows  the  two  end  points  obtained 
by  titrating  sodium  carbonate  with  0.1  N  hydrochloric  acid. 
The  electrometric  end  points  are  tabulated  on  the  figure. 
The  plots  of  A E/  AV  are  also  given  on  the  corresponding 
figures.  In  these  experiments  the  maximum  possible  ac¬ 
curacy  was  not  attained,  since  the  entire  titration  w’as  carried 
out  with  tenth-normal  solutions,  where  the  accuracy  was  at 
best  0.05  cc.,  or  0.2  per  cent  for  a  25-cc.  titration. 


The  value  of  reading  the  e.  m.  f.  before  it  reaches  constancy 
is  illustrated  by  Figure  4.  Before  the  end  point  is  reached 
the  e.  m.  f.  tends  to  fall  with  time;  that  is,  the  noted  values 
(dotted  curve)  are  higher  than  the  values  ultimately  reached 
(solid  curve) .  Beyond  the  end  point  the  e.  m.  f .  tends  to  rise, 
and  hence  the  noted  points  are  lower  than  the  constant  values. 
Therefore,  three  inflections  in  the  curve  will  appear,  and  the 
middle  one,  which  corresponds  to  the  end  point,  will  be 
marked  by  a  minimum  between  two  maxima  in  the  A E/  AF 
curve. 

The  approach  of  the  end  point  is  also  clearly  marked. 
During  the  addition  of  the  first  90  to  95  per  cent  of  the  acid 
the  curve  slopes  down;  it  then  bends  upward  more  and  more 
sharply  as  the  end  point  is  approached. 

The  chief  precaution  to  be  taken  with  this  pair  of  electrodes 
is  to  be  certain  that  no  oxide  or  carbonate  adheres  to  the 
lead  electrode,  which  may  consume  extra  acid  if  the  solution 
comes  in  contact  with  it.  The  electrodes  are  apparently 
slightly  attacked  by  the  solutions,  and  the  end  point  of 
the  first  titration  is  usually  too  low.  With  this  approxi¬ 
mate  end  point  as  a  guide,  however,  a  second  more  accu¬ 
rate  titration  can  be  made  by  adding  about  95  per  cent  of 
the  necessary  acid  thus  determined  before  inserting  the  elec¬ 
trodes. 


-e 


Figure  2 — Titration  of  Hydrochloric 
Acid  with  0.1  N  Sodium  Hydroxide 

Abscissas  marked  EP  are  calculated  end 
points. 

Abscissa  units  are  0.5  cc. 
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,  Table  X — Titration  of  Acetic  Acid  with  Sodium  Hydroxide 

(25.0  cc.  of  0.1124  N  acetic  add  diluted  to  150  cc.  and  titrated  with  0.1  N  NaOH) 

Cc.  0.00  5.0  10.15  15.02  20.15  25.20  27.10  27.50  27.80  27.95  28.08  28.20  28  30 

—  E  154  182  190  197  203  223  240  246  256  264  269  286  302 

AE/AF  5.6  1.6  1.4  1.2  4.0  8.9  15  33  53  38  142  160  35 

Endpoint  =  28.25  cc. 

Calculated  end  point  =  28.10  cc. 
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Bismuth-Silver 


The  bismuth  electrode  (3  X  0.5  X  0.5  cm.)  was  filed  from 
a  rough  casting  made  of  commercial  bismuth.  The  silver 
electrode  was  a  1.5-mm.  pure  silver  wire,  immersed  to  a  depth 
of  about  2  cm.  The  bismuth  electrode  was  cleaned  with  con¬ 
centrated  hydrochloric 
acid  before  use,  the  silver 
electrode  with  dilute  nitric 
acid  followed  by  ammonia. 

Curve  B  in  Figure  1  is 
for  the  titration  of  caustic 
with  hydrochloric  acid,  B 
and  B'  in  Figure  2  are  for 
hydrochloric  acid  with  so¬ 
dium  hydroxide,  and  B  in 
Figure  3  is  for  carbonate 
with  hydrochloric  acid. 
The  electromotive  force  of 
this  pair  became  practi¬ 
cally  constant  within  60 
seconds  when  acid  or  car¬ 
bonate  was  titrated,  and 

Figure  4— Comparison  of  Titration  +up  j  nnint  nf  hrnmn- 
Curve  Obtained  at  Equilibrium  tne  ena  Polm  01  Dromo 
(Solid)  with  That  Obtained  at  One-  thymol  blue  Was  found  to 
Minute  Intervals  (Dotted) 

correspond  to  the  inflec¬ 
tion  point  of  the  curve  for  the  titration  of  hydrochloric  acid. 

It  will  be  noted  ( B  and  B'  in  Figure  2)  that  sometimes  the 
break  near  the  end  point  was  about  100  mv.  and  at  other 
times  200  mv.  It  was  found  that  the  size  of  this  break  de¬ 
pended  on  the  pretreatment  of  the  silver  wire.  Heating  it 
in  the  gas  flame  and  allowing  to  cool,  treating  with  nitric  acid, 
or  using  as  the  anode  for  a  minute  in  a  potassium  sulfate 
solution  gave  an  electrode  which  would  give  a  200-mv.  break. 
Washing  with  ammonia  or  stannous  chloride  or  using  as  the 
cathode  for  a  short  electrolysis  gave  an  electrode  which 
would  give  a  100-mv.  break.  It  appears  as  if  the  larger 
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Figure  5 — Titration  of  Acetic  Acid  with  0.1  IV  Sodium 
Hydroxide  Using  Antimony-Amalgamated  Copper  Pair 

Ordinates  for  A  and  B,  upper  left;  for  C,  lower  right. 


break  is  caused  by  the  silver  action  as  a  silver  oxide  electrode, 
and  the  smaller  break  by  the  wire  action  as  a  silver  electrode, 
or  more  probably  a  silver  chloride  electrode  since  chloride 
ion  is  present  during  the  titration. 

As  was  the  case  with  the  antimony-lead  pair,  the  accuracy 
of  the  titration  is  increased  by  inserting  the  electrodes  after 


most  of  the  titer  has  been  added.  This  pair  of  electrodes 
gave  the  most  concordant  results  when  used  for  titration  of 
hydrochloric  acid;  when  used  for  the  titration  of  sodium 
hydroxide,  however,  the  results  were  quite  erratic,  and  the 
end  point  frequently  difficult  to  locate.  This  pair  is  therefore 
not  recommended  for  titration  of  strong  bases. 

Antimony-Amalgamated  Copper 

The  amalgamated-copper  electrode  was  prepared  by 
dipping  a  copper  wire  into  a  saturated  mercurous  nitrate 
solution.  It  was  redipped  before  each  titration.  The 
amalgamated-copper  electrode  was  positive  with  respect  to 
the  antimony  electrode. 

Curve  C  in  Figure  1  shows  the  titration  of  sodium  hydrox¬ 
ide  with  0.1  N  hydrochloric  acid,  in  Figure  2,  of  hydrochloric 
acid  with  0.1  N  sodium  hydroxide,  in  Figure  3,  sodium  carbon¬ 
ate  with  0.1  N  hydrochloric  acid,  and  in  Figure  5,  acetic  acid 
with  0.1  N  sodium  hydroxide.  The  data  for  the  last  curve 
are  given  in  Table  I. 

It  will  be  noted  that  curve  C  in  Figures  1  and  2  goes  through 
three  inflection  points,  of  which  the  middle  one  is  located  at 
the  bromothymol  blue  end  point,  as  was  the  case  with  the 
antimony-lead  pair.  The  tendency  is  so  pronounced  here 
that  the  curve  actually  goes  through  a  maximum  and  a  mini¬ 
mum  before  continuing,  which  locates  the  end  point  very 
sharply.  Curves  A  and  B  of  Figure  5  show  that  the  same 
thing  occurs  with  the  titration  of  acetic  acid,  although  the 
break  is  smaller;  curve  C  was  obtained  by  allowing  the  e.  m.  f. 
to  become  practically  steady  before  a  further  portion  of  alkali 
was  added.'  The  difference  between  curves  A  and  C  of 
Figure  5  is  the  same  as  that  between  the  dotted  and  solid 
curves  of  Figure  4. 


Copper-Copper  Oxide 

The  copper  oxide  electrode  was  prepared  by  using  a  copper 
wire  as  the  anode  for  several  minutes  in  a  dilute  potassium 
ferricyanide  solution,  the  cell  being  connected  in  series  with 
a  10-watt  lamp  to  the  110-volt  circuit.  A  smooth,  adherent, 
chocolate-brown  coating  forms  in  a  few  minutes.  The  nature 
of  this  deposit  was  not  investigated  in  detail  owing  to  lack 
of  time.  This  particular  electrode  was  chosen  after  a  series 
of  experiments  had  been  made  in  an  effort  to  find  one  suitable 
for  the  titration  of  copper,  since  many  metals  could  not  safely 
be  inserted  in  a  copper  solution  and  this  electrode  was  found 
to  be  satisfactory  for  the  purpose.  The  coating  contains 
copper  and  iron;  and  a  copper  wire,  blackened  in  the  flame, 
gives  the  same  e.  m.  f .  in  an  alkaline  solution  against  a  bright 
copper  wire  as  the  electrolytically  prepared  electrode,  but 
the  flame-prepared  electrode  rapidly  shifts  its  potential,  while 
that  of  the  electrolytically  prepared  electrode  remains  con¬ 
stant.  Although  the  coating  contains  iron,  therefore,  this 
electrode  will  be  called  for  convenience  a  copper  oxide  elec¬ 
trode.  A  bright  copper  wire  was  used  as  the  other  electrode. 
Figure  6  and  Table  II  give  the  results  of  the  titrations  of  0.1 
copper  sulfate  solution  with  0.1  N  sodium  hydroxide  solution. 


Table  II — Titration  of  Copper  Sulfate  with  Sodium  Hydroxide 


0.986  M  CuSO« 

0.1  N  NaOH 
Found 

NaOH 

Calcd. 

Cc. 

Cc: 

Cc. 

5.0 

7.50 

7.4 

10.0 

14.75 

14.8 

25.0 

37.00 

37.0 
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The  end  point,  as  characterized  by  the  sharp  break  in  the 
curve,  appears  when  3  mols  of  sodium  hydroxide  have  been 
added  to  2  mols  of  copper  sulfate.  This  corresponds  to  the 
precipitation  of  all  the  copper  according  to  the  equation: 

4CuS04  +  6NaOH  - >-  3Cu(0H)2.CuS04  +  3Na2S04 

The  solution  at  the  end  point  is  neutral  to  bromothymol 
blue,  and  contains  no  copper  detectable  by  ferrocyanide  or 
ammonia. 


Figure  6 — Titration  of  Copper  Sulfate  Solution  with  0.1  N 
Sodium  Hydroxide  Solution 

Discussion 

This  group  of  experiments  indicates  the  possibilities  of 
this  method  in  determining  the  composition  of  precipitated 
hydroxides  and  basic  salts,  and  also  indicates  that  this  general 
method  can  be  used  to  follow  any  titration  involving  a  change 
of  hydrogen-ion  concentration. 

From  the  data  presented  it  is  apparent  that  titrations 
involving  a  change  of  hvdrogen-ion  concentration  may  be 
followed  potentiometrically  by  measuring  the  e.  m.  f.  between 
two  suitably  chosen  metal  electrodes  inserted  in  the  titration 
mixture.  Figure  7  gives  the  values  of  the  e.  m.  f.  between  the 
antimony-amalgamated  copper  pair  when  placed  in  buffer 


3  5  7  9  II  fill 

Figure  7 — Change  of  e.  m.  f.  between  Anti¬ 
mony-Amalgamated  Copper  with  pH  of 
Solution 

solutions  of  varying  hydrogen-ion  concentration.  The  slope, 
dE/d( pH)  is  0.042,  which  is  lower  than  the  value  0.059  ob¬ 
tained  by  Roberts  and  Fenwick  (6)  for  the  cell  Sb  |  Sb2C>3, 
solution  ||  3.5  N  KC1,  AgCl  |  Ag  at  25°  C.,  and  the  value 
0.054  obtained  by  Franke  and  Willaman  (2)  for  the  cell 
Sb  I  solution  ||  1.0  A  KC1  |  Hg2Cl2  |  Hg.  This  lower  value 
of  the  slope  may  be  due  to  incomplete  equilibrium  between 
electrodes  and  solution,  or  more  probably,  to  variation  of  the 
amalgamated  copper  electrode  with  pH  in  the  same  direction 
as  the  antimony  electrode,  although  to  a  much  smaller  extent. 
This  was  checked  by  determining  the  e.  m.  f.  of  the  amalga¬ 
mated  electrode  against  the  calomel  electrode  when  the  former 
was  placed  in  different  buffer  solutions. 

Acknowledgment 

The  writer  takes  this  opportunity  to  thank  G.  J.  Esselen,  Jr., 
of  this  organization,  and  G.  S.  Forbes,  of  Harvard  University, 
for  their  criticisms  of  this  manuscript  and  of  the  results  pre¬ 
sented  therein. 

Literature  Cited 

(X)  Clark,  "Determination  of  Hydrogen  Ions,”  pp.  78  and  80,  Williams 
and  Wilkins  Co.,  Baltimore,  1925. 

(2)  Franke  and  Willaman,  Ind.  Eng.  Chem.,  20,  87  (1928). 

(3)  Furman,  J.  Am.  Chem.  Soc.,  50,  268  (1928). 

(4)  Furman,  Ibid.,  50,  273  (1928). 

(5)  Furman  and  Wilson,  Ibid.,  50,  277  (1928). 

(6)  Roberts  and  Fenwick,  Ibid.,  50,  2137  (1928). 

(7)  Todd,  U.  S.  Patent  1,601,383  (September  28,  1926). 

(8)  Willard  and  Fenwick,  J.  Am.  Chem.  Soc.,  44,  2504  (1922). 


Quantitative  Determination  of  Formaldehyde  in  a  Pharmaceutical 

Preparation1 

Oscar  Heim 

244  East  81st  Street,  New  York,  N.  Y. 


'l^THEN  called  upon  to  determine  formaldehyde  quan- 
’  *  titatively  in  a  pharmaceutical  preparation,  the  writer 
found  the  well-known  methods — hydrogen  peroxide,  iodine, 
and  ammonia  methods — to  give  unsatisfactory  results,  due 
probably  to  the  presence  of  a  large  number  of  different 
substances,  both  organic  and  inorganic.  He  therefore  de¬ 
vised  the  method  described  below.  The  results  by  this  method 
as  compared  with  those  by  other  methods  show  it  to  be  very 
satisfactory:  iodine  0.019  per  cent,  peroxide  0.63  per  cent, 
silver  chloride  (present  method)  0.20  per  cent.  The  actual 
content  was  0.20  per  cent.  This  method  is  not  applicable  in 
the  presence  of  sugars. 

Method — To  a  10-cc.  sample  (if  about  0.2  per  cent  formal- 

1  Received  March  11,  1929. 


dehyde  is  present)  add  2  cc.  of  concentrated  hydrochloric  acid 
and  10  cc.  1  M  silver  nitrate.  Shake  and  add  immediately  4 
cc.  of  50  per  cent  sodium  hydroxide.  Shake  again  and  let 
stand  for  15  to  30  minutes  with  occasional  shaking.  The  pres¬ 
ence  of  formaldehyde  turns  the  mixture  immediately  black. 
Filter  and  wash  with  hot  water.  Perforate  the  filter  by 
means  of  a  thin  stirring  rod  and  rinse  the  filter  with  1:3 
nitric  acid  to  dissolve  all  the  reduced  silver,  leaving  the  ex¬ 
cess  of  the  silver  chloride  undissolved.  After  some  dilution 
filter  off  the  silver  chloride  and  stir  the  filtrate  with  sufficient 
hydrochloric  acid  to  precipitate  the  silver,  which  is  determined 
in  the  usual  manner. 


2AgCl  =  ICHoO 
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Simplified  Iodine  Pentoxide  Apparatus  for 
Determination  of  Carbon  Monoxide 

in  Flue  Gas' 


F.  E.  Vandaveer  and  R.  C.  Gregg 


American  Gas  Association  Testing  Laboratory,  Cleveland,  Ohio 


IODINE  pentoxide  has 
been  used  for  determin¬ 
ing  concentrations  of  car¬ 
bon  monoxide  for  many  years. 

The  reaction  was  described 
by  Ditte  ( 9 )*  in  1870,  and  its 
first  use  for  the  detection  of 
carbon  monoxide  was  by  La 
Harfe  and  Reverdin  ( 8 )  in 
1888,  and  by  Gautier  (1 1 )  in 
1890.  From  the  last  date  un¬ 
til  the  World  War  few  publi¬ 
cations  have  treated  this  sub¬ 
ject,  but  since  1914  a  great 
deal  of  material  resulting  from 
research  has  been  published. 

A  bibliography  of  articles 
dealing  with  the  subject  is 
given  at  the  end  of  this 
paper. 

Apparatus  Used  by  Various 
Investigators 

Many  of  the  methods  and  apparatus  used  heretofore  have 
been  developed  for  certain  particular  problems  and  differ 
essentially  in  the  system  used  for  purifying  the  gas  before 
passing  through  the  iodine  pentoxide,  the  temperature  to 
which  the  iodine  pentoxide  is  heated,  the  manner  of 
purging  the  system,  and  the  method  of  determining  the 
amount  of  carbon  monoxide  present. 

Probably  the  apparatus  most  widely  known  in  this  country 
previous  to  the  development  of  the  present  one  is  that  de¬ 
scribed  by  Berry  and  co-workers  ( 2 )  of  the  U.  S.  Bureau  of 
Standards.  Chromic  acid  heated  to  100°  C.,  sodium  hydrox¬ 
ide  (liquid),  concentrated  sulfuric  acid,  sodium  hydroxide 
(solid),  and  phosphorus  pentoxide,  used  in  the  order  men¬ 
tioned,  constituted  the  purification  system.  The  iodine 
pentoxide  was  heated  to  a  temperature  of  155°  C.  by  means  of 
an  oil  bath.  Air  obtained  from  the  room  for  purging  the 
system  was  passed  through  concentrated  sulfuric  acid,  acti¬ 
vated  charcoal,  and  a  mercury  trap.  The  amount  of  carbon 
monoxide  in  the  sample  was  determined  by  collecting  the  io¬ 
dine  liberated  in  potassium  iodide  and  subsequent  titration 
with  sodium  thiosulfate. 

Another  apparatus,  described  by  Burrell,  Seibert,  and  Jones 
(4)  of  the  Bureau  of  Mines,  has  been  used  considerably.  The 
one  designed  by  the  Bureau  of  Standards  is  used  primarily  for 
determining  concentrations  of  carbon  monoxide  in  the  prod¬ 
ucts  of  combustion  from  gas  appliances,  that  of  the  Bureau 
of  Mines  for  determining  the  amounts  of  carbon  monoxide 
in  any  usual  mixture  of  gases  in  which  it  may  be  present. 
As  a  purifying  system  concentrated  sulfuric  acid,  lead  acetate, 
barium  hydroxide,  concentrated  sulfuric  acid,  fuming  sulfuric 

1  Received  April  11,  1929.  Presented  before  the  Division  of  Gas  and 
Fuel  Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society, 
Columbus,  Ohio,  April  29  to  May  3,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


acid,  concentrated  sulfuric 
acid,  potassium  hydroxide, 
and  sulfuric  acid  are  used  in 
the  order  named.  The  iodine 
pentoxide  tube  is  electrically 
heated  to  150°  C.  by  means 
of  a  wire-wound  jacket.  For 
purging  the  system,  air  is 
taken  from  the  room  and 
passed  through  potassium  hy¬ 
dro  xide  solution  and  soda 
lime.  Instead  of  collecting 
the  iodine  liberated,  the  car¬ 
bon  dioxide  produced  is  ab¬ 
sorbed  by  a  standard  solution 
of  barium  hydroxide  and  the 
excess  is  titrated  with  an 
oxalic  acid  solution.  Both 
the  apparatus  of  the  Bureau 
of  Standards  and  that  of  the 
Bureau  of  Mines  are  capable 
of  giving  accurate  results,  but 
are  cumbersome  to  manipu¬ 
late,  require  a  long  time  and  a  large  amount  of  gas  for  purging, 
and  are  somewhat  difficult  to  keep  in  good  operating  condition. 

For  determining  concentrations  of  carbon  monoxide  in 
motor  exhaust  gas,  Teague  (23),  on  account  of  the  gasoline 
vapor  and  heavy  unsaturated  hydrocarbons  present  which 
reacted  with  iodine  pentoxide,  devised  another  type  of  ap¬ 
paratus.  The  purification  system  consisted  only  of  liquid 
air,  which  condensed  the  carbon  dioxide,  water  vapor,  un¬ 
saturated  hydrocarbon  vapors,  and  gasoline  vapors.  A  U-tube 
of  iodine  pentoxide  was  heated  to  150°  C.  by  means  of  an  oil 
bath  and  iodine  liberated  by  carbon  monoxide  was  absorbed 
in  potassium  iodide  and  titrated  with  0.001  N  sodium  thio¬ 
sulfate.  Such  a  system  may  give  accurate  and  reliable  re¬ 
sults  under  nearly  any  condition.  Liquid  air,  however,  is  not 
readily  available  in  every  section  of  the  country  and  its  gen¬ 
eral  use  in  such  an  apparatus  is  not  always  possible.  Pre¬ 
caution  must  be  taken  to  see  that  the  gases,  after  leaving  the 
liquid  air,  are  brought  back  to  room  temperature  before 
entering  the  iodine  pentoxide;  otherwise  they  may  cool  the 
iodine  pentoxide  to  such  an  extent  that  no  reaction  with  car¬ 
bon  monoxide  will  take  place. 

In  England  two  very  thorough  investigations  of  the  use  of 
iodine  pentoxide  have  been  made  by  Davies  and  Hartley 
(6,  7)  and  by  Wood  and  Horwath  (25,  26,  27).  As  a  result  of 
their  investigations,  Davies  and  Hartley  use  anhydrous  cal¬ 
cium  chloride,  two  U-tubes  of  calcium  chloride,  and  phos¬ 
phorus  pentoxide  in  the  purification  system  when  making  de¬ 
terminations  for  carbon  monoxide  in  the  products  of  combus¬ 
tion  from  coal  gas  flames.  The  iodine  pentoxide  is  heated 
to  125°  C.  in  a  gas  oven.  Air  for  purging  the  apparatus  is 
purified  by  passing  it  through  a  separate  system  consisting 
of  anhydrous  calcium  chloride,  phosphorus  pentoxide,  iodine, 
pentoxide  heated  to  125°  C.  in  a  gas  oven,  potassium  iodide, 


During  the  past  three  years  there  has  been  developed 
at  the  Testing  Laboratory  of  the  American  Gas  Associa¬ 
tion  in  cooperation  with  the  U.  S.  Bureau  of  Standards, 
an  iodine  pentoxide  apparatus  which  retains  a  high 
degree  of  accuracy,  is  comparatively  simple  to  operate, 
and  permits  rapidity  of  determination.  A  complete 
analysis  with  an  accuracy  of  0.002  per  cent  may  usually 
be  made  in  about  20  minutes.  With  this  simplified 
apparatus  one  chemist  can  operate  two  to  three  instru¬ 
ments  and  make  as  many  as  fifty  determinations  per 
day. 

Following  a  brief  description  and  discussion  of  the 
more  common  types  of  iodine  pentoxide  apparatus,  the 
apparatus  as  used  by  the  American  Gas  Association 
Testing  Laboratory  is  described  in  full  as  well  as  meth¬ 
ods  of  manipulation,  preparation,  standardization  of 
solutions,  and  calculation  of  results.  To  determine 
the  effect  of  all  gases  which  may  be  present  either  in 
fuel  gases  or  in  the  products  of  combustion  of  gas  on 
the  operation  of  this  iodine  pentoxide  apparatus,  these 
gases  were  prepared  and  a  known  amount  of  them 
drawn  through  the  system  with  all  chemicals  in  place. 
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potassium  hydroxide  solution,  and  soda  lime.  The  amount  of 
iodine  collected  in  potassium  iodide  is  titrated  with  sodium 
thiosulfate  beyond  the  end  point  and  back-titrated  with  0.001 
N  iodine  solution. 

The  apparatus  designed  by  Wood  and  Howarth  is  quite 
similar  to  that  of  Davies  and  Hartley,  the  reagents  in  their 
purification  system  consisting  of  calcium  chloride,  potassium 
hydroxide,  calcium  chloride,  and  phosphorus  pentoxide. 
Recently  they  have  included  a  tube  of  liquid  air.  Iodine 
pentoxide  is  heated  to  120°  C.  by  means  of  an  electric  air  bath. 
For  purging  the  apparatus,  air  is  passed  through  a  separate 
iodine  pentoxide  system  which  includes  calcium  chloride, 
phosphorus  pentoxide,  iodine  pentoxide  at  120°  C.,  potas¬ 
sium  iodide,  and  potassium  hydroxide,  in  the  order  mentioned. 
Titration  of  the  iodine  is  made  with  0.05  N  sodium  thiosulfate. 

Neither  of  these  systems  has  provision  for  removing  alde¬ 
hydes  or  unsaturated  hydrocarbon,  except  when  liquid  air  is 
used;  and  the  use  of  a  separate  iodine  pentoxide  apparatus  for 
purification  of  the  purge  gas  tends  toward  slow  manipulation. 

Development  of  A.  G.  A.  Apparatus 

When  the  American  Gas  Association’s  Testing  Laboratory 
began  operations,  it  became  necessary  to  develop  an  iodine 
pentoxide  apparatus  to  determine  rapidly  concentrations 
of  carbon  monoxide  in  products  of  combustion  with  an  ac¬ 
curacy  of  at  least  0.002  per  cent.  Some  of  the  apparatus  al¬ 
ready  in  use,  although  sufficiently  accurate,  had  the  disad¬ 
vantage  of  being  slow  and  cumbersome  to  manipulate.  This 
was  caused  primarily  by  the  number  of  purifying  materials 
used  and  the  method  of  obtaining  carbon  monoxide-free  air 
for  purging.  The  Bureau  of  Standards  constructed  the  first 
apparatus  for  the  laboratory,  which  has  formed  the  basis  for 
the  development  of  the  present  model. 

Purifying  System — Since  all  determinations  were  to  be 
made  on  flue  gases,  it  was  possible  to  simplify  the  purifying 
system  considerably.  The  flue  products  to  be  analyzed 
were  in  all  cases  from  the  combustion  of  gas  which  contained 
practically  no  hydrogen  sulfide.  Therefore,  lead  acetate  could 
be  eliminated.  Absorption  of  carbon  dioxide  from  the 
sample  by  means  of  barium  hydroxide  and  potassium  hydrox¬ 
ide  was  unnecessary,  as  the  amount  of  carbon  monoxide  in 
the  sample  was  to  be  determined  by  titrating  the  amount  of 
iodine  liberated  in  the  reaction: 

5CO  +  I205  =  5C02  +  I2 

The  small  amount  of  carbon  dioxide  in  the  sample  which 
might  be  absorbed  in  the  potassium  iodide  solution  did  not 
affect  the  titration  of  the  iodine  with  sodium  thiosulfate.  It 
was  decided  to  titrate  the  iodine  instead  of  the  carbon  dioxide 
for  the  following  reasons:  (1)  It  would  then  be  unnecessary 
to  remove  carbon  dioxide  completely  from  the  sample;  (2)  it 
is  difficult  to  absorb  all  the  carbon  dioxide  and  the  use  of 
barium  hydroxide  solutions  weaker  than  0.02  normal  is  un¬ 
desirable;  (3)  a  more  distinct  end  point  may  be  obtained  with 
iodine  and  0.001  N  thiosulfate  using  a  starch  indicator.  Con¬ 
sequently,  the  removal  of  sulfur  dioxide  and  carbon  dioxide 
being  unnecessary,  barium  hydroxide  and  potassium  or  sodium 
hydroxide  solutions  were  omitted.  The  function  of  the 
purifying  train  would  then  be  to  remove. water  vapor,  un¬ 
saturated  hydrocarbons,  and  aldehydes.  Since  heavy  hydro¬ 
carbons  and  gasoline  vapors  are  not  usually  present  in  flue 
gas,  it  was  unnecessary  to  use  liquid  air.  Oxides  of  nitrogen, 
if  present  at  all,  are  not  sufficiently  concentrated  to  affect 
the  iodine  pentoxide,  as  will  be  shown  later. 

For  the  removal  of  unsaturated  hydrocarbons,  aldehydes, 
and  some  water  vapor,  two  scrubbing  towers  of  chromic  acid 
(made  by  saturating  concentrated  sulfuric  acid  with  potas¬ 
sium  dichromate)  were  used.  In  the  beginning  of  the  investi¬ 
gation  the  first  chromic  acid  tower  was  heated  to  100°  C. 


but  a  series  of  experiments  indicated  that  very  little  difference 
was  noted  if  this  tower  was  heated  or  maintained  at  room 
temperature.  As  a  result  both  chromic  acid  towers  are  main¬ 
tained  at  room  temperature.  To  remove  any  acid  spray 
and  some  carbon  dioxide,  a  small  amount  of  solid  potassium 
hydroxide  was  placed  at  the  top  of  the  V-tube  26  (Figure  1) 
and  the  remainder  of  the  tube  was  filled  with  phosphorus 
pentoxide,  which  served  to  completely  dry  the  gas  before  it 
entered  the  iodine  pentoxide  tube. 

Iodine  Pentoxide — The  tube  of  iodine  pentoxide  is  main¬ 
tained  at  150°  C.  At  this  temperature  the  reaction  with  car¬ 
bon  monoxide  is  rapid  and  complete.  There  is  also  the  added 
advantage  of  a  higher  temperature  to  keep  the  iodine  liberated 
from  condensing  on  the  walls  of  the  capillary  tubing  leading 
from  the  U-tube  to  the  Gomberg  bulb.  An  electric  air  bath 
is  used  to  heat  the  iodine  pentoxide,  the  temperature  of  the 
bath  being  controlled  manually  by  means  of  a  rheostat  in 
series  with  a  resistance  coil.  Iodine  pentoxide  of  high  purity 
which  has  been  found  most  satisfactory  for  this  type  of  analy¬ 
sis  is  known  as  iodic  acid  anhydride  (Merck) . 

Pure  iodine  pentoxide  does  not  decompose  below  260°  C., 
but  the  commercial  grade  usually  contains  lower  oxides  of 
iodine,  iodic  acid,  and  possibly  other  compounds,  which  de¬ 
compose  readily  below  this  temperature.  In  order  to  pre¬ 
pare  iodine  pentoxide  for  use  in  analyzing  for  carbon  monox¬ 
ide,  it  is  necessary  to  maintain  it  at  a  temperature  of  205-215° 
C.  for  about  2  days,  while  air  or  nitrogen  is  being  drawn 
through  it  at  the  usual  rate.  At  this  temperature  all  the  un¬ 
stable  compounds  are  decomposed  and  removed  from  the 
system.  The  temperature  is  next  dropped  to  about  150°  C. 
and  purging  continued  for  about  2  dajrs  more,  when  the  iodine 
pentoxide  will  usually  be  ready  for  use.  No  trace  of  iodine 
should  be  detected  when  starch  is  added  to  the  potassium 
iodide  solution  after  2  or  3  hours’  purging  with  nitrogen. 
Once  the  iodine  pentoxide  is  properly  conditioned,  it  will  give 
satisfactory  operation  for  about  6  months  when  the  apparatus 
is  operated  daily.  Each  day  a  blank  may  be  obtained  in 
about  15  minutes. 

Nitrogen  Used  for  Purging  System — For  purging  the 
apparatus  and  also  to  carry  out  of  the  iodine  pentoxide  tube 
all  of  the  liberated  iodine,  a  gas  absolutely  free  from  carbon 
monoxide  must  be  used.  Air  from  a  room  where  any  fuel 
is  burning  or  that  prevailing  in  most  industrial  districts  con¬ 
tains  some  carbon  monoxide.  Consequently,  if  air  is  used 
for  purging,  some  means  of  removing  all  carbon  monoxide 
must  be  employed.  An  apparatus  accomplishing  this  pur¬ 
pose  would  be  practically  a  duplicate  of  the  equipment  used 
for  the  test  and  therefore  would  entail  cumbersome  manipula¬ 
tion  and  an  unnecessary  loss  of  time.  In  order  to  eliminate 
an  added  purification  system,  commercial  nitrogen  purchased 
in  cylinders  has  been  successfully  used  for  over  two  years. 
Nitrogen  as  made  by  the  liquefaction  processes  is  not  only 
free  from  carbon  monoxide  but  is  inert  and  does  not  react 
with  iodine  pentoxide. 

Description  of  Iodine  Pentoxide  Apparatus 

The  complete  apparatus  including  the  arrangement  for 
purging  with  nitrogen  is  shown  by  Figure  1.  The  sample  is 
being  drawn  through  the  apparatus  from  the  sample  bottle, 
13,  by  means  of  a  vacuum  system  attached  to  capillary  tube 
45.  The  sample  passes  successively  through  tube  7,  chromic 
acid  tower  19,  chromic  acid  tower  24,  V-tube  26,  iodine 
pentoxide  tube  30,  Gomberg  bulb  40  containing  potassium 
iodide,  and  mercury  seal  42  into  the  vacuum  line  attached 
to  capillary  tube  45.  While  the  sample  is  passing  through  the 
apparatus  the  nitrogen  is  overflowing  through  tube  4,  since 
gas  cock  5  is  closed.  After  the  sample  has  been  taken  into 
the  apparatus,  gas  cock  8  is  closed  and  gas  cock  5  is  opened,  so 
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Figure  1 — Iodine  Pentoxide  Apparatus  for  Determination  of  Carbon  Monoxide  in  Flue  Gas 


that  nitrogen  passes  down  through  mercury  seal  6  and  then 
through  the  system  in  the  same  manner  as  the  sample.  The 
flow  of  nitrogen  is  regulated  so  that  there  is  a  slight  overflow 
through  4. 

Sample  bottle  13  is  made  of  glass  and  has  a  capacity  of  ap¬ 
proximately  500  cc.  The  exact  volume  of  the  bottle  is  care¬ 
fully  determined  and,  by  correcting  the  volume  of  gas  it 
contains  for  temperature  and  pressure  (atmospheric),  the 
volume  is  reduced  to  standard  conditions. 

An  electrically  heated  air  bath,  31,  is  used  to  heat  the  iodine 
pentoxide  tube.  This  bath  consists  of  two  brass  boxes,  31 
and  35.  A  60-foot  coil,  34,  of  22-gage  (B.  &  S.)  chromel  A  wire 
is  wound  on  the  insulation  of  the  inside  box.  The  coil  is 
fixed  by  asbestos  cement  baked  in  place.  The  remainder  of 
the  space  32  is  filled  with  asbestos  fiber  insulation,  and  an  as¬ 
bestos  board,  29a,  is  used  to  cover  the  top  of  the  furnace. 
The  temperature  of  the  bath  is  manually  controlled  by  a  100- 
ohm,  1.5-ampere  circular  rheostat,  44,  in  series  with  the  coil. 

The  chromic  acid  towers  are  filled  through  funnels  17  and 
21.  They  may  be  emptied  by  attaching  a  suction  flask  to  the 
glass  tubes  on  which  gas  cocks  16  and  20  are  located. 

Beginning  at  the  left,  V-tube  26  contains  at  its  top  a  layer 
of  glass  wool,  below  which  is  a  layer  of  solid  potassium  hydrox¬ 
ide  and  next  a  layer  of  glass  wool,  the  remainder  of  the  tube 
being  filled  with  phosphorus  pentoxide.  Stopcocks  25,  27, 
and  28  are  sealed  in  place  with  paraffin. 

In  the  U-tube  30  there  are  1.3-cm.  alternate  layers  of  glass 
wool  and  iodine  pentoxide.  The  Gomberg  bulb,  40,  has  three 
compartments  containing  potassium  iodide  which  provides 
ample  scrubbing  surface  to  absorb  all  of  the  iodine  which  may 
be  liberated.  The  frame  46  supporting  the  glass  is  made  of 
1-inch  angle  iron. 


Preparation  and  Standardization  of  Solution 

Potassium  Iodide  Solution — A  solution  of  10  per  cent 
by  weight  potassium  iodide  and  90  per  cent  by  weight  distilled 
water  is  used.  This  solution  should  be  kept  in  a  dark  place. 
With  proper  care  it  will  remain  satisfactory  for  use  for  several 
weeks,  but  if  allowed  to  stand  in  the  sunlight  it  will  slowly 
decompose,  so  that  an  indication  of  iodine  will  be  found  with 
starch  indicator.  The  fresh  solution  should  show  no  trace 
of  free  iodine. 

Starch  Indicator — Potato  starch  has  been  found  to  be 
the  most  sensitive  indicator  for  iodine.  It  is  sensitive  to  two 
drops  of  0.001  N  iodine  in  20  cc.  of  solution,  whereas  wheat 
starch  and  soluble  starch  are  sensitive  only  to  three  drops. 
To  prepare  the  solution,  dissolve  2  or  3  grams  of  starch  in  a 
few  centimeters  of  cold  water  and  add  to  200  cc.  of  boiling  dis¬ 
tilled  water.  Continue  to  boil  for  2  or  3  minutes,  then  cool 
to  room  temperature.  This  solution  should  be  made  fresh 
every  day;  otherwise  a  distinct  change  from  blue  to  white 
will  not  be  obtained  when  titrating  the  iodine.  Furthermore, 
when  using  an  old  solution  the  color  change  will  be  from  blue 
to  pink,  which  does  not  change  readily  to  white  and  gives  an 
untrue  end  point.  The  same  difficulty  may  be  encountered 
if  the  purifying  system  is  not  properly  removing  sulfur  dioxide 
or  other  acid  gases  to  such  an  extent  that  the  potassium  iodide 
becomes  saturated  with  them.  When  the  iodine  solution  to 
be  titrated  is  concentrated,  it  is  best  not  to  add  the  starch 
indicator  until  most  of  the  iodine  color  has  been  discharged 
with  the  thiosulfate.  If  it  is  added  to  a  concentrated  solution, 
a  flocculent  precipitate  may  result,  which  obscures  a  true  end 
point. 

Sodium  Thiosulfate  Solution — This  solution  should  be 
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approximately  0.001  normal — that  is,  0.24332  gram  per  liter. 
Before  standardization  it  should  be  allowed  to  stand  about  4 
weeks  so  that  equilibrium  may  be  attained  after  which  its 
strength  will  remain  constant  for  several  months.  The  prac¬ 
tice  followed  by  this  laboratory  is  to  make  up  a  fresh  solu¬ 
tion  each  month  which  is  not  standardized  or  used  until  it  has 
aged  for  at  least  one  month. 

The  thiosulfate  solution  may  be  standardized  against  pure 
iodine  solution.  Commercial  iodine  should  be  sublimed  simi¬ 
lar  to  the  method  given  in  Treadwell-HaU’s  “Analytical 
Chemistry,”  Volume  II. 

The  pure  doubly  sublimed  iodine  is  weighed  out  very  ac¬ 
curately  to  obtain  approximately  0.001  normal  solution,  and 
whatever  normality  is  obtained  is  taken  as  the  standard  solu¬ 
tion.  Iodine  is  very  hygroscopic  and  vaporizes  easily,  so  it  is 
necessary  to  use  special  precautions  in  weighing.  About  2 
grams  of  potassium  iodide  and  a  few  drops  of  water  are  placed 
in  a  weighing  bottle  and  weighed.  About  0.2  gram  of  iodine 
is  then  added  and  weighed  again.  The  difference  in  weight 
is  the  exact  amount  of  iodine.  The  solution  is  then  made  up 
to  1  liter  with  distilled  water.  If  desired,  the  normality  of  the 
iodine  may  be  checked  by  arsenious  oxide  as  outlined  by 
Treadwell-Hall.  However,  for  ordinary  purposes  the  iodine 
weight  and,  therefore,  normality  may  be  taken  as  correct. 

The  sodium  thiosulfate  solution  is  then  standardized 
against  the  standard  iodine  solution,  using  starch  as  the  indi¬ 
cator. 

To  convert  the  thiosulfate  into  terms  of  carbon  monoxide 
the  following  typical  calculations  are  involved: 

If  0.0974  gram  of  I2  is  weighed  out  per  1000  cc.,  1  cc.  solution 
=  0.0000974  gram  I2.  By  titration  10  cc.  I2  =  8.37  cc.  Na2S2C>3. 
Then  1  cc.  Na2S2C>3  =  10/8.37  =  1.195  cc.  I2,  or  1  cc.  Na2S203  = 
1.195  X  0.0000974  =  0.0001164  gram  I2.  1  cc.  Na2S203  = 

30,701,720/64,674.59  X  0.0001164  =  0.0552  cc.  CO  at  60°  F. 
and  760  mm.  Hg. 


Derivation  of  Factor  for  Changing  cc.  Na2S203  to 
cc.  CO — In  standard  sodium  thiosulfate  solution  as  made  up, 
1  cc.  =  0.000127  gram  of  iodine  and,  from  the  reaction 
I205  +  5CO  =  I2  +  5C02 

is  equivalent  to  0.00007  gram  of  carbon  monoxide  by  the 
following  equation: 

140:253.8  =  A:0.00Q127 
X  =  0.00007 

Since  1  cc.  of  carbon  monoxide  at  0°  C.  and  762  mm.  Hg  = 
0.00125  gram,  0.00007  gram  =  0.056  cc.  of  carbon  monoxide 
at  0°  C.  and  762  mm.  Hg. 

1  cc.  of  sodium  thiosulfate o0. 000127  gram  I2== 0.056  cc. 
CO  at  0°  C.  and  762  mm.  Hg. 

Converting  to  15.6°  C.  and  760  mm.  Hg, 

0.056:A  =  273:288.55 

X  =  0.0592  cc.  of  CO  at  15.6°  C.  and  760  mm.  Hg  (dry) 

As  the  sample  taken  is  always  saturated,  this  figure  must 
be  converted  from  dry  to  saturated.  The  vapor  pressure  of 
water  at  15.6°  C.  =  13.26  mm.  Hg, 

PV  (P’  -  p)  V' 

T  r 


where  P  =  vapor  pressure  of  water  at  15.6°  C.  Then 
760  X  0.0592  746.74  V' 

288.55  288.55 


V  =  0.0602  cc.  of  CO  at  15.6°  C.  and  760  mm.  Hg  saturated. 

Deriving  the  formula  for  securing  the  factor  from  the  above: 

_  A  140  X  288.55  X  760  X  X 

.r  actor  =  - 

253.8  X  0.00125  X  273  X  746.74 


where  X  =  grams  I2  per  cc.  of  thiosulfate. 


Factor 


30,701,720 
64,674.59  X  X 


Effect  of  Various  Gases  on  Iodine  Pentoxide 


In  order  to  determine  the  effect  of  all  gases  which  may  be 
present  either  in  fuel  gases  or  in  the  products  of  combustion  of 
gas  on  the  operation  of  the  iodine  pentoxide  apparatus,  these 
gases  were  prepared  and  a  known  amount  of  them  was  drawn 
through  the  system.  All  the  chemicals  were  in  place  when 
these  tests  were  made. 

Carbon  Dioxide — Carbon  dioxide  obtained  from  carbonic 
acid  cylinders  was  used  for  these  determinations.  Mixtures- 
of  carbon  dioxide  and  nitrogen  containing  amounts  of  carbon 
dioxide  varying  from  4.7  per  cent  to  17.7  per  cent  were  drawn 
through  the  apparatus.  No  indication  of  a  reaction  with 
iodine  pentoxide  was  obtained. 

Ethylene  (typical  of  illuminants) — Ethylene  mixed  with 
nitrogen  in  percentages  varying  from  0.043  to  1.93  per  cent 
ethylene  was  used.  This  gas  was  obtained  from  cylinders 
purchased  from  manufacturers  of  ethylene  for  dental  pur¬ 
poses.  It  analyzed  100  per  cent  illuminants.  When  both 
chromic  acid  towers  were  maintained  at  room  temperature, 
ethylene  was  practically  completely  oxidized  by  iodine  pentox¬ 
ide  at  150°  C.  The  following  table  indicates  the  results  ob¬ 
tained: 


Chromic  Acid  at  Room  Temperature 
Ethylene  in  Indicated 

sample  CO  obtained 

Per  cent  Per  cent 


Chromic  Acid  at  100°  C. 
Ethylene  in  Indicated 

sample  CO  obtained 


Per  cent 


Per  cent 


0.0428 

0.1068 

1.930 


0.0414 

0.1550 

5.070 


0 . 0862 
0.1735 
0.253 


0.015 

0.0035 

0.0156 


When  the  first  chromic  acid  tower  is  heated  to  100°  C.  and 
the  second  is  maintained  at  room  temperature,  a  large  per¬ 
centage  of  the  ethylene  is  oxidized  or  absorbed  by  chromic 
acid  and  the  indicated  percentage  of  carbon  monoxide  is  very 
low,  as  shown  in  the  above  table.  These  results  indicate 
that,  if  ethylene  is  present  in  combustion  products,  it  is  oxi¬ 
dized  by  iodine  pentoxide  and  the  carbon  monoxide  results 
obtained  are  not  exact  where  the  chromic  acid  is  maintained 
at  room  temperature.  If,  however,  the  chromic  acid  is 
heated,  most  of  the  ethylene  does  not  reach  the  iodine  pentox¬ 
ide.  The  effect  of  ethylene  on  iodine  pentoxide  is  substanti¬ 
ated  by  Gautier  (11),  who  states  that  ethylene,  acetylene, 
vapors  of  benzene,  and  alcohol  are  oxidized  partially  by  iodine 
pentoxide. 

Oxygen — -Oxygen  in  concentrations  which  may  be  obtained 
in  products  of  combustion  or  fuel  gas  has  no  effect  on  iodine 
pentoxide.  This  is  known  because  20.93  per  cent  oxygen  in 
air  gives  no  reaction. 

Hydrogen — Hydrogen  was  prepared  by  the  action  of  sul¬ 
furic  acid  on  zinc.  The  gas  as  prepared  analyzed  4.8  per  cent 
oxygen,  25.6  per  cent  nitrogen,  and  69.6  per  cent  hydrogen. 
When  percentages  varying  from  0.05  per  cent  to  0.337  per 
cent  were  mixed  with  nitrogen,  no  reaction  whatever  was  ob¬ 
tained  with  iodine  pentoxide. 

Methane  and  Ethane — For  the  purpose  of  these  experi¬ 
ments,  natural  gas  containing  80.5  per  cent  methane,  18.2  per 
cent  ethane,  and  1.3  per  cent  nitrogen  was  used.  Amounts, 
varying  from  0.057  per  cent  to  0.428  per  cent  natural  gas 
mixed  with  nitrogen  gave  no  reaction  when  passed  through  the 
apparatus. 

Hydrogen  Sulfide — No  reaction  was  obtained  with  hy¬ 
drogen  sulfide  present  in  percentages  as  great  as  1.435  per 
cent.  This  gas  was  prepared  in  the  usual  manner  by  dropping 
hydrochloric  acid  on  ferrous  sulfide. 

Sulfur  Dioxide — When  as  much  as  3.02  per  cent  sulfur 
dixoide  in  nitrogen  was  passed  through  the  apparatus,  no 
indication  of  a  reaction  with  iodine  pentoxide  was  obtained. 
A  known  amount  of  iodine  was  added  to  the  potassium  iodide 
solution  and  no  interference  in  obtaining  a  satisfactory  end 
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point  in  the  titration  was  observed.  The  sulfur  dioxide  was 
prepared  by  dropping  sulfuric  acid  on  sodium  sulfite. 

Water  Vapor — The  apparatus  is  designed  to  absorb  all 
moisture  before  the  sample  reaches  the  iodine  pentoxide, 
but  for  the  purpose  of  this  determination  0.1  cubic  foot 
(2832  cc.)  of  nitrogen  saturated  with  water  vapor  was  passed 
directly  into  the  iodine  pentoxide.  An  indicated  amount  of 
0.003  per  cent  carbon  monoxide  was  obtained.  No  satis¬ 
factory  explanation  of  this  reaction  is  given  at  present. 

Formaldehyde — Formaldehyde  was  prepared  by  heating 
paraform  tablets  used  for  disinfecting  purposes.  The  gas 
analyzed  27.3  per  cent  carbon  dioxide,  2.8  oxygen,  6.3  hydro¬ 
gen,  2.8  carbon  monoxide,  51.4  aldehydes,  and  9.4  inerts. 
The  aldehydes  were  determined  by  slow  combustion  with 
oxygen.  For  analysis  in  the  iodine  pentoxide  apparatus  a 
sample  of  this  gas  was  used  after  it  had  been  passed  through 
potassium  hydroxide,  fuming  sulfuric  acid,  potassium  pyro- 
gallate,  and  the  copper  oxide  furnace. 

A  sample  containing  1.0  per  cent  of  aldehydes  mixed  with 
nitrogen  gave  an  indication  of  0.025  per  cent  carbon  monoxide 
when  passed  through  an  apparatus  with  the  chromic  acid  at 
room  temperature.  Cold  chromic  acid  apparently  oxidizes 
aldehydes  only  partially.  When  0.9  per  cent  aldehyde  mixed 
with  nitrogen  was  passed  through  the  apparatus  having  one 
tower  of  chromic  acid  at  100°  C.,  no  indication  of  a  reaction 
with  iodine  pentoxide  was  obtained.  This  experiment  would 
indicate  that  heated  chromic  acid  oxidizes  aldehydes. 

Oxides  of  Nitrogen — Although  there  is  considerable 
doubt  as  to  the  presence  of  appreciable  quantities  of  oxides  of 
nitrogen  in  the  products  of  combustion  of  gas,  there  is  of 
course  such  a  possibility.  Oxides  of  nitrogen,  mainly  nitric 
oxide  and  nitrogen  peroxide,  were  prepared  by  the  action  of 
nitric  acid  on  copper.  Quantities  varying  from  0.13  per 
cent  to  1.06  per  cent  oxides  of  nitrogen  mixed  with  nitrogen 
were  passed  through  the  apparatus.  In  no  case  was  there  any 
indication  of  a  reaction  with  iodine  pentoxide,  nor  did  this 
amount  of  oxides  of  nitrogen  affect  the  satisfactory  titration  of 
a  known  quantity  of  iodine. 


Conclusions 

The  iodine  pentoxide  apparatus  developed  by  the  U.  S. 
Bureau  of  Standards  and  the  A.  G.  A.  Testing  Laboratory  may 
be  used  successfully  for  routine  analysis  of  carbon  monoxide 
in  concentrations  as  low  as  0.002  per  cent  in  the  products  of 
gaseous  combustion  when:  (1)  carbon  dioxide,  oxygen,  hy¬ 
drogen,  methane,  ethane,  hydrogen  sulfide,  sulfur  dioxide, 
nitrogen,  and  oxides  of  nitrogen  are  present  in  small  quantities; 
(2)  formaldehyde  is  present  in  less  than  1  per  cent  if  one 
chromic  acid  tower  is  heated  to  100°  C.  Correct  readings 
cannot  be  secured  where  relatively  large  quantities,  0.04  to 
1.9  per  cent,  of  ethylene  are  present  in  the  products  of  com¬ 
bustion. 
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Analysis  of  Insecticides  Containing  Fluorine 

Compounds' 

Leslie  Hart 

Food,  Drug,  and  Insecticide  Administration,  U.  S.  Department  op  Agriculture,  Chicago,  III. 


THE  use  of  fluorine  com¬ 
pounds  in  insecticides 
is  increasing.  Several 
years  ago  the  only  fluorine 
compound  finding  use  as  an 
insecticide  was  sodium  fluor¬ 
ide  or  mixtures  of  it,  with 
pyrethrum  powder  or  borax, 
in  roach  and  lice  powders.  Fluorides  and  silicofluorides,  often 
mixed  with  other  active  insecticidal  substances,  are  now  much 
used  as  dusts,  dips,  or  sprays  against  a  great  variety  of  pests. 
The  determination  of  fluorine  is  therefore  of  considerable 
importance  in  the  evaluation  of  these  insecticide  preparations. 

The  following  methods  to  determine  fluorine  in  the  presence 
of  substances  in  which  the  usual  methods  are  not  applicable 
have  been  developed.  If  the  fluorine  compound  present  is 
not  already  water-soluble,  preliminary  fusion  with  sodium 
carbonate  is  necessary. 

1  Received  February  28,  1929. 


Method  for  Preparations 
Containing  Alkali  Silico¬ 
fluorides  and  Boric  Acid 

The  determination  of  these 
compounds  in  the  presence  of 
each  other  is  based  on  the  fact 
(4)*  that  the  silicofluoride  is 
removed  from  the  field  of  reaction  by  precipitation  as  the 
potassium  salt  in  the  presence  of  alcohol  (1:2).  After  pre¬ 
cipitation  of  the  silicofluoride,  but  without  filtering,  the  boric 
acid  remaining  in  solution  may  be  titrated  in  the  usual  way, 
with  standard  alkali  solution,  in  the  presence  of  glycerol  ( 6 ). 
A  determination  of  total  acidity  is  made  and  the  amount  of 
alkali  silicofluoride  is  obtained  by  difference  between  the  total 
acid  titration  and  the  boric  acid  titration  as  follows:  • 

Total  Acidity — Dissolve  a  weighed  sample  containing 
about  0.4  gram  total  boric  acid  and  sodium  silicofluoride  in 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


Methods  are  described  for  the  analysis  of  preparations 
containing  (a)  alkali  silicofluorides  and  boric  acid; 
(6)  fluorides  with  arsenic  trioxide  or  soluble  arsenic 
compounds;  (c)  fluorides,  bifluorides,  and  silico¬ 
fluorides. 

Tables  are  given  showing  the  accuracy  of  results 
obtained  by  these  methods. 
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40  to  50  cc.  of  water  in  a  200-cc.  Erlenmeyer  flask.  Heat  to 
boiling,  add  a  few  drops  of  phenolphthalein,  and  run  in  0.2 
N  sodium  hydroxide  solution  to  a  permanent  pink.  Cool, 
add  30  cc.  of  glycerol,  and  complete  the  titration  with  sodium 
hydroxide  solution.  After  a  light  pink  color  is  obtained,  add 
10  cc.  more  of  glycerol  and,  if  the  color  fades,  continue  the 
addition  of  sodium  hydroxide  solution  to  a  permanent  pink. 
Make  a  blank  determination  on  the  reagents  used  and  deduct 
from  the  figure  obtained  for  the  titration. 

Boric  Acid — Dissolve  a 
weighed  portion  of  sample 
(containing  0.1  to  0.2  gram  of 
boric  acid)  in  as  small  a  volume 
of  water  as  possible  (not  over 
25  cc.)  in  a  200-cc.  Erlenmeyer 
flask.  Dissolve  1  gram  of  solid 
potassium  chloride  in  the  mix¬ 
ture,  and  add  twice  as  much 
alcohol,  by  volume,  as  there 
is  water  present.  Add  30  cc. 
of  glycerol,  cool  to  about  5°  C., 
add  a  few  drops  of  phenol¬ 
phthalein,  and  titrate  with  0.2 
N  sodium  hydroxide  solution 
to  a  pink  color  remaining  for 
at  least  20  or  30  seconds. 
(The  color  gradually  fades, 
owing  to  hydrolysis  of  the 
potassium  silicofluoride  pres¬ 
ent,  but  after  the  first  indica¬ 
tion  of  the  end  point,  two  or 
three  additional  drops  of  0.2  N 
sodium  hydroxide  solution  will 
usually  give  a  color  remaining 
for  30  seconds.)  A  blank  de¬ 
termination  should  be  run  on 
the  reagents.  The  equivalent  of  1  cc.  0.2  N  sodium  hydroxide 
solution  is  0.01237  gram  boric  acid. 

Silicofluoride — The  result  obtained  by  titration  with  0.2 
N  sodium  hydroxide  solution  represents  the  total  acidity  of  the 
sample.  From  this  figure  deduct  the  number  of  cubic  centi¬ 
meters  equivalent  to  the  boric  acid  content  as  obtained  by  the 
determination  already  described.  The  difference  is  the  quan¬ 
tity  of  0.2  N  sodium  hydroxide  solution  equivalent  to  the  so¬ 
dium  silicofluoride  present:  1  cc.  0.2  N  sodium  hydroxide  is 
equivalent  to  0.00940  gram  sodium  silicofluoride. 

The  sodium  hydroxide  solution  used  for  titration  of  silico- 
fluorides  should  be  free  from  silica  and  carbonates  (1).  It 
may  be  prepared  as  follows:  Place  several  small  clean  pieces 
of  metallic  sodium  in  a  platinum  Gooch  crucible,  supported 
by  a  nichrome  or  platinum  triangle  over  an  800-cc.  paraffin- 
lined  beaker  half  filled  with  recently  boiled  and  cooled  distilled 
water.  Cover  with  a  bell  jar,  connect  to  a  vacuum  pump, 
and  evacuate.  The  sodium  will  react  slowly  with  the  water 
vapor  and  the  resulting  hydroxide  solution  will  be  caught  in 
the  beaker  of  water.  Adjust  this  solution  to  0.2  N  and  keep 
in  a  bottle  lined  with  ceresin  or  paraffin. 


Table  I — Quantities  of  Boric  Acid  and  Silicofluoride  Found 


Boric  Acid 

Silicofluoride 

Present 

Found 

Present 

Found 

Gram 

Gram 

Gram 

Gram 

0.1434 

0.1435 

0.2126 

0.2120 

0.1250 

0.1254 

0.1250 

0.1248 

0.1000 

0.0981 

0.1000 

0.0999 

0.1500 

0.1524 

0.0500 

0.0506 

0.1875 

0.1869 

0.0625 

0.0621 

0.2500 

0.2503 

0.2000 

0.1996 

0.2000 

0.1998 

0.2466 

0.2480 

Method  for  Preparations  Containing  Water-Soluble 

Fluorides  and  Arsenic  Trioxide  or  Soluble  Arsenicals 

In  this  mixture  the  arsenate  may  be  precipitated  from  solu¬ 
tion  as  silver  arsenate,  while  silver  fluoride,  being  soluble,  re¬ 
mains  in  solution.  After  filtration  the  arsenic  and  fluorine- 
may  be  determined  in  the  precipitate  and  filtrate,  respectively,, 
according  to  the  usual  methods. 

Transfer  2  grams  of  the  sample  to  a  300-cc.  volumetric 
flask.  Add  about  100  cc.  of  water.  If  sufficient  carbonates 
are  not  present  in  the  sample,  add  enough  sodium  carbonate- 
to  insure  solution  of  any  arsenic  trioxide  present.  Avoid, 
much  excess.  Add  50  cc.  of  3  per  cent  hydrogen  peroxide 
to  oxidize  arsenites  to  arsenates,  and  heat  on  the  steam  bath 
for  20  to  30  minutes.  Add  10  cc.  of  a  buffer  solution  which 
is  half-molar  with  respect  to  both  acetic  acid  and  sodium  ace¬ 
tate  and  a  slight  excess  of  10  per  cent  silver  nitrate  solution. 

Note — The  acetic  acid  buffer  solution  is  used  because  of  the  solubility 
of  silver  arsenate  in  dilute  nitric  acid  since  nitric  acid  is  liberated  according; 
to  the  reaction: 

Na2HAs04  +  3AgN03  =  Ag3As04  +  2NaN03  +  HNOa 

This  precipitates  silver  carbonate  and  arsenate,  leaving  the- 
fluorides  in  solution.  Cool,  dilute  to  mark,  and  shake  thor¬ 
oughly.  Allow  precipitate  to  settle,  then  filter  through  a  dry 
filter,  rejecting  the  first  10  to  15  cc.  of  filtrate.  Save  the 
precipitate  for  the  determination  of  arsenic,  as  described  later. 
Transfer  200  cc.  of  the  filtrate  to  a  300-cc.  volumetric  flask, 
and  precipitate  the  excess  silver  nitrate  by  adding  sodium 
chloride  solution.  Cool,  dilute  to  mark,  shake  thoroughly, 
and  allow  the  precipitate  to  settle.  Transfer  200  cc.  of  this 
solution  to  a  400-cc.  beaker,  after  filtering  as  previously  di¬ 
rected.  Use  this  for  the  determination  of  fluorine. 

Fluorine  (5) — Add  2  cc.  of  10  per  cent  sodium  carbonate 
solution,  heat  to  boiling,  and  add  slowly  an  excess  of  10 
per  cent  calcium  chloride  solution.  Allow  the  precipitate 
to  settle,  filter,  and  wash  once  with  a  few  cubic  centimeters  of 
hot  water.  Dry  the  precipitate  and  filter  paper  in  a  silica 
dish  and  ignite  at  a  dull  red  heat.  (A  better  ignition  may  be 
obtained  if  the  precipitate  is  separated  from  the  filter  and 
the  filter  burned  separately.)  After  cooling  add  20  cc.  of  20 
per  cent  acetic  acid  and  evaporate  to  dryness  on  the  steam 
bath.  Repeat  the  process,  breaking  up  any  lumps  with  a  glass 
pestle.  Take  up  the  residue  with  a  little  hot  water  to  which 
2  to  3  cc.  of  the  20  per  cent  acetic  acid  has  been  added,  filter, 
and  wash  with  small  portions  of  hot  water.  The  residue  is 
dried  and  ignited  as  before  and  weighed.  The  result  obtained 
may  be  confirmed  by  fuming  with  sulfuric  acid,  which  converts 
the  calcium  fluoride  to  calcium  sulfate.  Heat  the  fumed 
residue  with  a  little  ammonium  carbonate,  ignite,  and  weigh 
as  calcium  sulfate. 

Factors:  CaF2 — NaF,  1.0759.  CaS04— CaF2,  0.5735 
The  final  aliquot  of  200  cc.  represents  four-ninths  of  the 
original  sample. 

Fluorine — The  results  for  fluorine  will  be  slightly  low  be¬ 
cause  of  the  solubility  of  calcium  fluoride  in  water  and  dilute 
acetic  acid. 

Arsenic — Wash  the  precipitate  of  silver  carbonate  and 
arsenate  obtained  by  the  action  of  silver  nitrate  by  decanting 
once  or  twice  with  water.  Filter  and  transfer  precipitate 
and  filter  paper  to  a  500-cc.  distilling  flask.  Determine 
arsenic  according  to  the  method  given  in  “Methods  of  Analy¬ 
sis,  A.  O.  A.  C.,”  2nd  edition,  page  49,  method  2.  Add  50 
cc.  of  hydrazine  sulfate  reagent,  using  apparatus  as  shown  in 
diagram.  (Hydrazine  sulfate  reagent  consists  of  20  grams 
each  of  hydrazine  sulfate  and  sodium  bromide  and  400  cc.  of 
concentrated  hydrochloric  acid,  diluted  to  1  liter.)'  Close 
the  flask  with  a  stopper  carrying  a  125-cc.  funnel  tube,  and 
connect  the  flask  to  a  condenser.  Boil  for  2  or  3  minutes,  add 
100  cc.  of  strong  hydrochloric  acid  by  means  of  the  funnel 


Apparatus  for  Determination 
of  Arsenic 
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tube  and  distil  until  the  volume  in  the  distilling  flask  is  re¬ 
duced  to  about  40  cc.,  add  50  cc.  more  of  strong  hydrochloric 
acid  and  again  distil  until  the  volume  in  the  distilling  flask  is 
reduced  to  40  cc.  Wash  down  the  condenser,  transfer  the 
contents  of  the  receiving  flasks  to  a  liter  volumetric  flask, 
dilute  to  volume,  and  mix  thoroughly.  Pipet  a  200-cc.  aliquot 
of  this  solution  into  a  500-cc.  Erlenmeyer  flask,  almost  neu¬ 
tralize  with  50  per  cent  sodium  hydroxide  solution,  complete 
the  neutralization  with  sodium  bicarbonate,  and  add  about  5 
grams  excess.  Titrate  with  0.05  N  iodine  solution,  using 
starch  solution  as  indicator.  Add  the  iodine  solution  slowly 
until  a  permanent  blue  color  is  obtained.  The  equivalent  of 
1  cc.  of  0.05  N  iodine  is  0.002874  gram  arsenic  oxide.  The 
arsenic  may  also  be  titrated  with  0.05  N  bromate  solution  ac¬ 
cording  to  method  given  on  page  47  of  “Methods  of  Analysis, 
A.  O.  A.  C.” 


Table  II — Quantities  of  Arsenic  Trioxide  and  Sodium  Fluoride  Found 
in  Prepared  Mixtures 


Arsenic  Trioxide 

Sodium  Fluoride 

Present 

Found 

Present 

Found 

Gram 

Gram 

Gram 

Gram 

0.4000 

0.4006 

0.2000 

0.1982 

0.2000 

0.2000 

0.2000 

0.1986 

0 . 2000 

0.1994 

0.1000 

0.0989 

0.1000 

0 . 0996 

0.1000 

0.0984 

Method  for  Determination  of  Sodium  Fluoride,  Sodium 
Bifluoride,  and  Sodium  Silicofluoride 

Sodium  bifluoride  and  sodium  silicofluoride,  being  acid  in 
reaction,  may  be  titrated  with  standard  carbonate-  and  silica- 
free  sodium  hydroxide  solution  ( 2 , 3).  This  titration  converts 
both  compounds  into  sodium  fluoride,  according  to  the  equa¬ 
tions: 

NaHF2  +  NaOH  =  2NaF  +  H20 
Na2SiFa  +  4NaOH  =  6NaF  +  Si(OH)4 

Total  Acidity — Dissolve  0.5  to  1  gram  of  the  sample  in 
25  cc.  of  cold  water  in  a  100-cc.  platinum  dish.  Titrate  with 
0.2  N  or  0.1  N  carbonate-  and  silica-free  sodium  hydroxide 
solution,  using  phenolphthalein  as  an  indicator  and  a  platinum 
rod  as  a  stirrer.  When  the  pink  color  fades  with  evident 
sluggishness,  heat  to  boiling  and  continue  the  titration  to  a 
permanent  pink  color.  This  titration  is  recorded  as  total 
acidity,  due  to  bifluorides  and  silicofluorides. 

After  the  titration  is  complete,  transfer  the  solution  to  a 
200-cc.  volumetric  flask,  dilute  to  mark,  and  reserve  for  de¬ 
termination  of  total  fluorine. 

Bifluorides — Weigh  0.5  gram  of  the  sample  into  a  100-cc. 
platinum  dish,  add  1  gram  of  solid  potassium  chloride,  and 
dissolve  in  25  cc.  of  water.  Add  an  equal  volume  of  neutral 
alcohol  and  cool  in  an  ice  bath  to  as  near  0°  C.  as  possible. 
Titrate  with  0.2  or  0.1  A  carbonate-  and  silica-free  sodium 
hydroxide  solution,  keeping  the  platinum  dish  in  the  ice  bath, 
using  phenolphthalein  as  indicator,  until  the  red  color  re¬ 
mains  for  one  minute.  To  insure  accuracy,  titrate  slowly, 
so  that  the  temperature  of  the  mixture  does  not  rise  appreci¬ 
ably,  and  avoid  excessive  dilution  by  the  standard  alkali. 
If  more  than  15  cc.  of  standard  hydroxide  solution  are  re¬ 
quired,  repeat  the  titration,  using  either  a  smaller  sample  or 
stronger  standard  sodium  hydroxide  solution.  This  titra¬ 
tion  is  calculated  to  sodium  bifluoride. 

Sodium  Silicofluoride— Deduct  the  equivalent  quantity 
of  sodium  hydroxide  solution  due  to  bifluorides,  as  determined 
above,  from  the  titration  previously  recorded  as  “total  acid¬ 
ity.”  The  result  is  the  quantity  of  standard  sodium  hydrox¬ 
ide  solution  equivalent  to  the  silicofluoride  present. 

Total  Fluorine — -Pipet  into  a  250-cc.  beaker  an  aliquot 
containing  the  equivalent  of  about  0.25  gram  of  sodium  fluor¬ 
ide  from  the  200-cc.  volumetric  flask  containing  the  solution 


reserved  for  total  fluorine  estimation.  Dilute  to  100  cc.  with 
water,  add  about  0.1  gram  of  sodium  carbonate,  heat  to  boil¬ 
ing,  and  determine  the  fluorine  as  described  in  the  section  on 
mixtures  of  water-soluble  fluorides  and  arsenic  trioxide.  Cal¬ 
culate  to  fluorine,  deduct  the  fluorine  equivalent  of  the  bifluor¬ 
ides  and  silicofluorides  present,  and  calculate  the  remaining 
fluorine  to  sodium  fluoride. 

In  a  private  communication  the  author  has  been  informed 
by  C.  M.  Smith,  of  Insecticide  Control,  Food,  Drug,  and 
Insecticide  Administration,  that  the  method  for  bifluoride 
and  silicofluoride  is  unsatisfactory  when  bifluoride  and  silica 
are  present  together,  owing  to  the  reaction  between  the  two 
to  form  silicofluoride.  These  would  probably  be  present  in 
a  mixture  of  commercial  sodium  bifluoride  and  commercial 
sodium  fluoride. 

Results 

Owing  to  difficulty  in  obtaining  a  pure  bifluoride,  mixtures 
containing  known  quantities  of  ingredients  were  not  used. 
However,  mixtures  of  insecticides  containing  these  three 
constituents  were  obtained  in  the  open  market  and  analyzed  in 
duplicate.  The  results  shown  in  Table  III  are,  therefore, 
probably  not  free  from  the  errors  indicated  by  Mr.  Smith. 


Table  III — Analytical  Results 


NaHFa 

NajSiFj 

NaF 

Per  cent 

Per  cent 

Per  cent 

1 

Sold  as  sodium  fluoride 

0.65 

4.12 

94.22 

0.65 

4.10 

94.04 

2 

Sold  as  c.  p.  sodium  silicofluoride 

0.25 

96.63 

0.85 

0.25 

96.78 

0.79 

3 

Sold  as  sodium  bifluoride 

28.87 

9.72 

60.27 

28.62 

9.81 

60.39 

If  more  than  2  or  3  per  cent  of  silicofluoride  is  present,  the 
silica  must  be  removed  before  precipitating  the  fluorine  as 
calcium  fluoride.  This  is  done  by  the  use  of  ammonium  car¬ 
bonate,  as  described  by  Scott  in  “Standard  Methods  of 
Chemical  Analysis,”  4th  edition,  Vol.  1,  p.  215,  or  by  Tread- 
well-Hall  in  “Analytical  Chemistry,”  1st  ed.,  Vol.  II,  p.  372. 

Notes 

Other  substances  sometimes  present  with  fluorine,  and  inter¬ 
fering  with  its  determination,  are  calcium  and  barium  compounds 
and  phosphates. 

If  calcium  or  barium  is  present,  a  weighed  portion  of  the  sample 
is  fused  with  sodium-potassium  carbonate  fusion  mixture,  the 
melt  leached  out  with  hot  water,  and  the  fluorine  determined 
on  the  water  extract  according  to  the  usual  methods. 

Phosphates  may  be  separated  with  silver  nitrate  in  neutral 
solution,  by  methods  similar  to  the  one  described  for  the  separa¬ 
tion  of  arsenic  and  fluorides.  Scott  (“Standard  Methods  of 
Chemical  Analysis,”  4th  ed.,  Vol.  I,  p.  216)  describes  a  method 
that  has  given  good  results  in  this  laboratory. 
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Motion  Picture  Showing  Manufacture  of 
Alloy  Steels 

“Making  It  Tough”  is  the  title  of  an  educational  motion 
picture  film  just  released  by  the  U.  S.  Bureau  of  Mines,  Pitts¬ 
burgh,  Pa.,  which  visualizes  the  manufacture  and  uses  of  alloy 
steels.  The  film  comprises  three  reels  and  was  prepared  in 
cooperation  with  a  large  alloy  steel  manufacturing  concern. 
Copies  are  distributed  free  of  charge  to  schools,  etc.,  the  ex¬ 
hibitor  paying  transportation  charges. 
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Improvements  in  the  Deniges  Colorimetric  Method 

for  Phosphorus  and  Arsenic1 

Emil  Truog  and  A.  H.  Meyer 

Department  of  Soils,  University  of  Wisconsin,  Madison,  Wis. 


A  detailed  study  has  been  made  of  the  Deniges  colori¬ 
metric  method  for  phosphorus.  The  concentrations  of 
reagents  at  which  phosphomolybdate  gives  a  maximum 
blue  color  and  interfering  colors  due  to  silicomolybdate 
and  ammonium  molybdate  are  eliminated  have  been 
definitely  established.  A  greatly  improved  method  of  pre¬ 
paring  and  storing  the  stannous  chloride  solution  used 
in  the  determination  is  described. 

It  has  been  found  that  ferric  iron  when  present  in 
concentrations  greater  than  6  p.  p.  m.  markedly  de¬ 
presses  the  formation  of  the  blue  color  and  also  gives 
rise  to  greenish  tints.  Reduction  to  the  ferrous  condi¬ 
tion  eliminates  this  trouble.  Titanium  may  be  present 
up  to  20  p.  p.  m.  without  interfering  with  the  color. 


IN  1920  Deniges  (1),*  a  French  investigator,  called  attention 
to  the  extremely  sensitive  blue  color  reaction  that  occurs 
when  the  molybdate  of  phosphorus  or  arsenic  is  reduced 
with  stannous  chloride  under  suitable  conditions.  He  then 
utilized  this  reaction  as  a  basis  for  a  colorimetric  method  for 
phosphorus  and  arsenic.  At  about  this  same  time  investi¬ 
gators  in  this  country  developed  methods  along  similar  lines, 
but  employing  different  reducing  agents.  It  appears  that 
stannous  chloride  as  utilized  by  Deniges  is  far  superior  for  this 
purpose  than  the  other  reducing  agents  suggested.  The 
method  of  Denig&s  has  been  successfully  used  by  a  number  of 
investigators  who  have  made  slight  modifications  in  the  pro¬ 
cedure.  For  a  list  of  references  and  a  review  of  the  literature 
the  reader  is  referred  to  the  recent  work  of  Parker  and  Fudge 
(*)• 

The  Method 

In  the  method  as  finally  evolved  by  previous  workers  two 
reagents  are  employed,  known  as  (A)  and  (B),  which  are  com¬ 
pounded  as  follows: 

(A)  consists  of  100  cc.  of  10  per  cent  ammonium  molybdate, 
150  cc.  of  concentrated  sulfuric  acid,  and  150  cc.  of  distilled  water. 

(B)  consists  of  a  stannous  chloride  solution  prepared  fresh 
each  day  by  dissolving  0.1  gram  of  mossy  tin  in  2  cc.  of  concen¬ 
trated  hydrochloric  acid  to  which  one  drop  of  4  per  cent  copper 
sulfate  has  been  added.  Solution  is  hastened  by  gently  heating 
after  which  a  dilution  to  10  cc.  is  made. 

In  the  regular  course  of  analysis  an  appropriate  amount  of 
solution  (A)  is  added  to  the  unknown  solution  to  be  tested  for 
phosphorus  and  to  the  standard.  Ammonium  phospho¬ 
molybdate  is  thereby  formed,  but  because  of  the  high  dilu¬ 
tion  a  precipitate  is  not  apparent.  A  few  drops  of  solution 
(B)  are  then  added,  causing  a  reduction  of  the  molybdenum 
which  is  in  combination  with  the  phosphate  but  not  of  that 
added  in  the  excess  of  ammonium  molybdate  reagent.  How¬ 
ever,  if  the  acidity  is  too  low  the  ammonium  molybdate  will 
of  itself  give  an  intense  blue  color  when  stannous  chloride 
is  added.  On  the  other  hand,  if  the  acidity  is  too  high  a  blue 
color  is  not  produced  even  if  phosphates  be  present,  probably 
because  ammonium  phosphomolybdate  is  not  formed  at  the 

1  Received  March  1,  1929.  Published  with  the  permission  of  the 
director  of  the  Wisconsin  Agricultural  Experiment  Station. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


Salts  of  aluminum,  manganese,  calcium,  and  magne¬ 
sium  may  be  present  in  large  amounts  without  inter¬ 
fering.  Even  nitrates  may  be  present  in  considerable 
amounts  without  causing  difficulty. 

An  improved  procedure  has  been  developed  which  is 
rapid  and  more  sensitive  and  accurate  than  the  old. 
The  method  appears  to  be  one  of  the  most  satisfactory 
in  the  field  of  colorimetric  methods  and  should  find 
wide  application  in  biology,  agriculture,  and  industry. 
The  application  of  the  same  method  to  the  determination 
of  arsenic  should  find  extensive  use.  Procedures  for  the 
single  and  joint  determination  of  arsenic  and  phosphorus 
in  a  solution  are  given. 


high  acidity.  In  other  words,  stannous  chloride  easily  reduces 
molybdenum  in  combination  as  a  salt  such  as  ammonium 
molybdate  or  ammonium  phosphomolybdate,  while  under 
conditions  in  which  it  exists  as  the  free  acid  reduction  does 
not  take  place. 

Object  of  Study 

The  writers  w7ere  unable  to  find  that  a  systematic  study  had 
ever  been  made  regarding  the  influence  of  concentration  of 
sulfuric  acid,  ammonium  molybdate,  and  stannous  chloride 
on  the  intensity  of  color  produced.  A  study  of  this  kind  was- 
therefore  made  with  the  hope  that  the  method  might  thus 
be  improved.  Preliminary  tests  showed  that  the  molyb¬ 
denum  in  silicomolybdate,  which  is  apparently  formed  at 
low  acidities,  is  also  reduced  by  stannous  chloride  and  gives 
the  characteristic  blue  color.  Because  silica  is  often  present 
in  solutions  to  be  tested  for  phosphate,  a  study  was  also  made 
of  the  conditions  under  which  silica  might  interfere. 

Preparation  and  Storage  of  Stannous  Chloride  Solution 

In  order  to  facilitate  the  work  an  effort  was  made  at  the 
start  to  simplify  the  preparation  and  use  of  solution  (B) — - 
the  stannous  chloride  solution.  It  was  found  that  ordinary 
c.  p.  SnCl2.2H20  dissolved  in  acidified  water  gives  as  good  or 
better  results  than  the  solution  prepared  from  metallic  tin. 
The  necessity  of  adding  copper  sulfate,  wrhich  sometimes 
gives  troublesome  brownish  tints  to  the  blue  color,  could  thus 
be  eliminated.  It  'was  also  found  that  the  stannous  chloride 
solution  can  be  preserved  indefinitely  if  oxygen  is  excluded 
by  covering  with  a  layer  of  mineral  oil.  It  was  found  ad¬ 
vantageous  to  prepare  the  solution  as  follows:  Twenty-five 
grams  of  SnCl2.2H20  are  dissolved  in  1000  cc.  of  solution  con¬ 
sisting  of  900  cc.  of  water  and  exactly  100  cc.  of  concentrated 
hydrochloric  acid.  After  complete  solution,  filtering  is  de¬ 
sirable  if  a  turbidity  exists.  The  solution  is  conveniently 
stored  in  a  bottle  fitted  with  a  siphon  or,  better  still,  a  stop¬ 
cock  outlet  at  the  bottom.  The  point  of  the  outlet  in  either 
case  is  constricted  and  protected  with  a  rubber  cap  when  not 
in  use.  A  layer  about  5  mm.  thick  of  white  mineral  oil 
sold  under  the  trade  name  of  “Stanolmd”  is  floated  over  the 
surface.  It  was  found  desirable  to  use  this  solution  in  the 
proportion  of  six  drops  per  100  cc.  of  standard  or  unknown  and 
this  amount  will  hereafter  be  designated  the  regular  amount. 
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Effect  of  Acidity  on  Development  of  Color  from 
Ammonium  Molybdate 

A  test  was  next  made  of  the  influence  of  acidity  on  the  de¬ 
velopment  of  color  with  ammonium  molybdate  in  the  absence 
of  phosphate.  For  this  study  there  was  made  a  5  per  cent 
water  solution  of  ammonium  molybdate,  a  normal  solution  of 
sulfuric  acid  and  a  standard  solution  containing  0.5  p.  p.  m.  of 
phosphorus.  The  standard  was  made  up  to  contain  40  cc. 
of  normal  sulfuric  acid  and  2  cc.  of  5  per  cent  ammonium 
molybdate  in  100  cc.  Previous  tests  had  shown  that  this 
amount  of  sulfuric  acid  entirely  prevents  the  formation  of 
blue  color  from  ammonium  molybdate  itself  when  present 
in  the  concentration  indicated.  These  concentrations  of 
sulfuric  acid  and  ammonium  molybdate  will  hereafter  be 
called  the  regular  amounts.  The  results  of  this  study  are 
given  in  Table  I.  They  show  clearly  that  at  low  acidities 
ammonium  molybdate  of  itself  gives  an  intense  blue  color  and 
that  it  takes  at  least  35  cc.  of  normal  sulfuric  acid  in  100  cc. 
to  prevent  the  formation  of  all  but  traces  of  blue  color  from 
this  source. 


Table  I — Influence  of  Acidity  on  Reduction  of  Molybdenum  and 
Formation  of  Blue  Color  When  Molybdenum  Is  Added  as  (NKLEMoCh 
in  Absence  of  Phosphate 


Standard  with 

Standard  with 

Color  Due 

Color  Dub 

N  H2SO4 

to  0.5  p.  p.  m. 

N  H2SO4 

TO  0.5  P.  P.  M. 

Added  per 

Phosphorus 

Added  per 

Phosphorus 

100  cc. 

Required  to 

100  cc. 

Required  to 

op  Test 

Match  25  cc. 

op  Test 

Match  25  cc. 

Soln. 

Test  Soln. 

Soln. 

Test  Soln. 

Cc. 

Cc. 

Cc. 

Cc. 

0 

0 

35 

0 

2 

100 

36 

0 

4 

212 

37 

0 

6 

237 

38 

0 

7.5 

212 

39 

0 

10.5 

150 

40 

0 

14.5 

100 

41 

0 

19 

56 

42 

0 

23 

32 

43 

0 

25 

25 

44 

0 

30 

10 

45 

0 

Further  investigation  showed  that  if  the  concentration  of 
ammonium  molybdate  is  increased  over  that  existing  in  the 
tests  just  described,  additional  sulfuric  acid  is  necessary  to 
prevent  the  reoccurrence  of  the  blue  color.  It  was  also  found 
that  the  use  of  2  cc.  of  5  per  cent  ammonium  molybdate  in  100 
cc.  of  solution  was  a  convenient  and  satisfactory  amount  to 
use  as  regards  the  development  of  a  maximum  blue  color 
from  phosphomolybdate. 

Formation  of  Blue  Color  from  Silicomolybdate 


The  influence  of  acidity  on  the  development  of  a  blue  color 
due  to  the  presence  of  silica  was  next  studied.  The  standard 
stock  solution  of  silica  just  described  was  employed  to  make 
up  test  solutions,  all  of  which  contained  700  p.  p.  m.  of  silica 
but  varying  amounts  of  acid  as  indicated  in  Table  III.  The 
regular  amounts  of  ammonium  molybdate  and  stannous 
chloride  were  employed.  The  data  show  clearly  that  at 
low  acidities  silica  produces  an  additional  blue  color  over  that 
of  ammonium  molybdate  alone,  while  at  the  higher  acidities 
no  color  is  produced.  The  addition  of  40  cc.  of  normal  sulfuric 
acid  per  100  cc.  of  test  solution  is  sufficient  to  prevent  the 
formation  of  a  blue  color  due  to  the  presence  of  700  p.  p.  m.  of 
silica.  This  concentration  of  silica  is  very  much  above  the 
maximum  that  is  ordinarily  encountered  in  solutions  to  be 
analyzed  for  phosphorus.  Only  in  unusual  cases  is  it  there¬ 
fore  necessary  to  remove  silica. 


Effect  of  Acidity  on  Formation  of  Blue  Color  by 
Phosphates 

The  influence  of  acidity  on  the  development  of  the  blue 
color  due  to  the  presence  of  phosphates  was  next  studied. 
The  results  of  this  study  (Table  IV)  show  clearly  that  at  too 
low  an  acidity  the  color  is  too  intense  due  to  the  influence  of 
ammonium  molybdate  itself,  while  at  too  high  an  acidity  the 
color  is  too  weak  due  probably  to  incomplete  formation  of 
ammonium  phosphomolybdate. 


Table  IV — Influence  of  Acidity  on  Intensity  of  Blue  Color  Produced 

by  Phosphate 


Test  solutions  in  all  cases  contained  0.5  p.  p.  m.  of  phosphorus  and  the 
regular  amounts  of  (NH.O2M0O4  and  SnCh.  Standard  solution  contained 
0.5  p.  p.  m.  of  phosphorus  and  the  regular  amounts  of  acid  and  other  reagents. 


N  H2SO4  Standard  Soln. 

Employed  in  Required  to 
100  cc.  op  Match  25  cc. 

Test  Soln.  Test  Soln. 


N  H2SO4  Standard  Soln. 
Employed  in  Required  to 
100  cc.  op  Match  25  cc. 
Test  Soln.  Test  Soln. 


Cc. 

Cc. 

30 

29 

35 

27 

36 

27 

37 

27 

38 

26.5 

39 

26 

40 

25 

Cc. 

Cc. 

41 

24.5 

42 

24 

43 

23.5 

45 

23 

68 

7.5 

80 

0.5 

General  Discussion 


In  Figure  1  the  data  of  Tables  I,  III,  and  IV  are  shown 
graphically.  A  study  of  this  figure  shows  clearly  that  with 
an  acidity  of  40  cc.  of  normal  sulfuric  acid  per  100  cc.  of  test 
solution  the  color  developed  is  due  entirely  to  phosphate  pro¬ 


The  production  of  a  blue  color  due  to  the  presence  of  silica 
was  next  studied.  A  standard  solution  of  silica  was  prepared 
by  fusing  silica  of  the  highest  purity  with  sodium  carbonate 
and  after  solution  diluting  to  definite  volume.  Appropriate 
volumes  of  this  solution  were  then  used  to  give  the  concen¬ 
trations  indicated  in  Table  II.  The  data  in  this  table  show 
that  when  the  regular  amounts  of  reagents  are  used  silica  can 
be  present  up  to  700  p.  p.  m.  without  causing  the  develop¬ 
ment  of  a  blue  color. 


Table  III — Influence  of  Acidity  on 
Intensity  of  Blue  Color  Produced 
Table  II — Production  of  Blue  Color  by  700  p.  p.  m.  of  SiC>2  in  Presence 
by  Silica  in  Presence  of  Regular  of  Regular  Amounts  of  (NHin- 
Amounts  of  Reagents  MoOi  and  SnCl2 


Standard  Soln. 

N  H2SQ4 

Standard  Soln. 

Contg.  0.5  P.  P.  M. 

Employed  in 

Contg.  0.5  p.  p.  m. 

Phosphorus 

100  cc.  Test 

Phosphorus 

Required  to  Match 

Soln.  Contg. 

Required  to 

25  cc.  Silica 

700  p.  p.  m. 

Match  25  cc. 

SiC>2  Present  Test  Soen. 

Silica 

Silica  Test  Soln. 

P.  p.  m. 

Cc. 

Cc. 

Cc. 

10 

0 

15 

112 

100 

0 

20 

84 
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0 
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Figure  1 — Influence  of  Acidity  on  the  Development  of  Blue  Color  in> 
the  Solutions  Indicated  When  Treated  with  Appropriate  Reagents 


vided  the  silica  present  is  not  in  excess  of  700  p.  p.  m.  and  the 
regular  amounts  of  ammonium  molybdate  and  stannous 
chloride  are  used.  This  acidity  is  probably  a  little  higher 
than  necessary,  but  owing  to  unavoidable  errors  in  measuring 
reagents  in  routine  analysis  it  is  better  to  aim  at  using  this 
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slight  excess.  The  influence  of  this  slight  excess  of  acidity 
on  the  color  due  to  phosphate  is  very  slight  and  is  of  no  conse¬ 
quence  in  a  determination  since  the  same  excess  is  used  in  the 
standard. 

As  is  evident  from  the  data  presented,  it  is  important  to  add 
the  acid  and  ammonium  molybdate  and  mix  thoroughly  be¬ 
fore  the  stannous  chloride  is  added.  If  the  molybdate  is 
added  after  the  stannous  chloride,  some  of  it  may  become  re¬ 
duced  and  give  rise  to  a  color  before  it  becomes  mixed  with 
the  bulk  of  the  acidified  solution  to  be  tested. 

When  the  reagents  are  used  in  the  proportions  indicated, 
a  maximum  blue  color  is  developed  immediately.  Procedures 
previously  described  require  5  minutes  for  full  color  develop¬ 
ment.  About  10  minutes  after  the  color  is  developed  it  begins 
to  fade.  It  may  be  regenerated,  however,  and  kept  practically 
constant  for  an  hour  by  adding  an  additional  drop  of  stannous 
chloride  every  10  to  15  minutes. 

An  attempt  was  made  to  find  a  substance  which  on  addition 
would  preserve  the  blue  color.  Gelatin  was  the  only  one 
tried  that  had  a  preservative  effect.  Its  use  is  not  permissible 
because  it  produces  a  cloudiness  in  the  solution.  A  layer  of 
lubricating  oil  placed  over  the  surface  prevents  the  entrance 
of  oxygen  and  preserves  the  color  somewhat,  but  its  use  is  not 
practicable.  Saturation  of  the  solution  with  hydrogen  from 
a  tank  helped  to  preserve  the  blue  color,  but  not  sufficiently 
to  make  it  worth  while. 

Effect  of  Ferric  Iron  on  Color 

The  influence  of  various  elements  on  the  development  of 
the  blue  color  was  next  studied.  Table  V,  showing  the  in¬ 
fluence  of  ferric  iron,  shows  conclusively  that  ferric  iron  affects 
the  color  markedly.  In  most  routine  analytical  work  the 
presence  of  4  to  6  p.  p.  m.  is  probably  not  serious.  The  ferric 
iron  not  only  decreases  the  intensity  of  the  color,  but  also 
produces  troublesome  greenish  tints.  It  was  found  that  fer¬ 
rous  iron  does  not  have  the  undesirable  effect  of  ferric  iron. 
Therefore,  it  was  thought  that  reduction  of  the  ferric  iron 
might  solve  the  problem.  Of  the  methods  tried,  reduction 
in  a  Jones  reductor  using  metallic  cadmium  gave  the  best 
results  and  may  be  used  successfully  to  eliminate  the  unde¬ 
sirable  effects  of  ferric  iron.  This  reduction  should  be  made 
just  previous  to  the  addition  of  the  ammonium  molybdate. 


Table  V — Influence  of  Ferric  Sulfate  on  Intensity  of  Blue  Color  in 
Colorimetric  Determination  of  Phosphorus 


Regular  Standard 
Required  to  Match 


Fe2(SO-s)3  Added  in 
Terms  of  Fe 
P.  p.  m. 

2 

4 

6 

8 

10 

50 

100 


25  cc.  Standard 
to  Which  Iron 
Had  Been  Added 
Cc. 

24.5 

23.5 
23 

22.5 
21 
15 

8 


Color 


Slight  greenish  tinge 
Distinct  greenish  tinge 
Distinct  greenish  tinge 
Distinct  greenish  tinge 
Distinct  greenish  tinge 
Distinct  greenish  tinge 
Distinct  greenish  tinge 


Table  VI — Influence  of  Titanium  Sulfate  on  Intensity  of  Blue  Color 
in  Colorimetric  Determination  of  Phosphorus 


Regular  Standard 
Required  to  Match 
25  cc.  Standard  to 


Ti(S<X>2  Added  in 

Which  Titanium  Had 

Terms  or  T1O2 

Been  Added 

Color 

P.  P.  m. 

Cc. 

20 

25 

Blue 

50 

18 

Blue 

100 

13 

Blue 

150 

9 

Blue 

200 

6 

Blue 

250 

4 

Blue 

300 

0 

Yellow 

Effect  of  Titanium  on  Color 

Table  VI  gives  the  results  of  a  similar  study  with  titanium. 
The  data  show  that  20  p.  p.  m.  of  titanium  oxide  may  be  pres¬ 
ent  without  harmful  effect  while  higher  amounts  interfere 


markedly.  As  is  also  the  ith  ferric  iron,  titanium  re¬ 

tards  the  rate  of  development  or  the  blue  cola  •  and  the  effect 
may  be  partially  overcome  by  allowing  more  time  for  the 
development  of  the  color  before  the  comparison  is  made. 

Effect  of  Aluminum,  Manganese,  Nitrate,  Calcium,  and 
Magnesium  on  Color 

Tests  with  aluminum  and  manganous  salts  showed  that 
these  may  be  present  in  considerable  amounts  without  in¬ 
fluence  on  the  color.  Nitrate  added  as  potassium  nitrate  in 
an  amount  equivalent  to  100  p.  p.  m.  of  nitrogen  did  not  affect 
the  color,  while  200  p.  p.  m.  reduced  the  intensity  of  the  color 
about  10  per  cent.  The  use  of  nitric  acid  in  place  of  sulfuric 
for  giving  the  desired  acidity  also  reduced  the  intensity  of 
the  color  about  10  per  cent  and  caused  it  to  fade  rapidly. 

Tests  with  calcium  and  magnesium  salts  showed  that  these 
may  be  present  in  amounts  up  to  at  least  the  equivalent  of 
1000  p.  p.  m.  of  CaO  or  MgO  without  influence  on  the  color. 

Determination  of  Arsenic 

As  would  be  expected,  arsenates  produce  the  blue  color 
under  exactly  the  same  conditions  as  phosphates.  Stringent 
precautions  must  therefore  be  observed  to  prevent  errors  and 
confusion  from  this  source.  Fortunately,  arsenates  give  a 
maximum  blue  color  at  about  the  same  acidity  as  phosphates. 

A  comparative  test  showed  that  if  one  solution  contains  a 
certain  concentration  of  phosphorus  as  phosphate  and  another 
solution  the  same  concentration  of  arsenic  as  arsenate  the 
relation  of  the  intensities  of  color  which  may  be  developed  in 
the  two  is  inversely  as  the  atomic  weights  of  phosphorus  and 
arsenic.  This  is  evidence,  although  not  conclusive,  that  the 
concentration  of  reagents  regularly  employed  causes  all  of 
both  the  arsenate  and  phosphate  to  take  part  in  the  reaction 
and  allows  a  maximum  blue  color  to  be  developed. 

Arsenates  may  thus  be  determined  in  exactly  the  same  way 
as  phosphates.  If  both  are  present,  the  two  may  first  be 
determined  together.  In  another  sample  the  arsenic  may 
then  be  reduced  with  hydrogen  sulfide  or  a  little  sodium  sulfide 
in  acid  solution.  After  boiling  to  drive  off  the  excess  of 
hydrogen  sulfide,  free  sulfur  is  removed  by  adding  pure  filter 
paper  pulp,  shaking  vigorously,  and  filtering.  The  color 
due  to  phosphorus  alone  is  then  developed.  By  difference 
the  amount  of  arsenic  may  be  obtained.  The  arsenic  and 
phosphorus  may  also  be  separated  by  distillation,  after  which 
each  may  be  determined  separately.  The  determination  of 
arsenic,  when  present  in  sufficient  amount,  can  probably  be 
made  more  accurately  by  this  colorimetric  method  than  by 
the  other  methods  now  in  use.  A  study  of  this  matter  de¬ 
serves  further  attention. 

Preliminary  tests  indicated  that  ammonium  arsenotung- 
state  does  not  give  a  blue  color  on  reduction  under  certain  con-  j 
ditions,  while  the  corresponding  phosphorus  compound  does.  | 
The  blue  color  in  the  latter  case,  however,  appears  to  be  too 
faint  for  the  determination  of  small  amounts.  It  is  possible 
that  this  color  would  be  more  intense  under  certain  conditions 
in  which  case  it  might  be  utilized  to  determine  phosphorus 
in  the  presence  of  arsenic. 

Reagents,  Analytical  Procedure,  and  Precautions 

Ammonium  Molybdate-Sulfuric  Acid  Solution — Dis¬ 
solve  25  grams  of  ammonium  molybdate  in  200  cc.  of  water 
heated  to  60°  C.  and  filter.  Dilute  280  cc.  of  arsenic-  and 
phosphorus-free  concentrated  sulfuric  acid  (approximately 
36  N)  to  800  cc.  After  both  solutions  have  cooled,  add  the 
ammonium  molybdate  solution,  slowly  with  shaking,  to  the 
sulfuric  acid  solution.  After  the  combined  solution  has  cooled 
to  room  temperature,  dilute  with  water  to  exactly  1000  cc. 
This  is  a  10  N  sulfuric  acid  solution  containing  2.5  grams  of 
ammonium  molybdate  per  100  cc. 
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Stannous  Chloride  So_  -  1  —Dissolve  25  grams  of 

S11CI2.2H2O  in  .000  cc.  of  dilute  (10  per  cent  by  volume) 
hydrochloric  acid  solution.  Filter  if  necessary.  Store  in  a 
bottle  with  a  siphon  or  side  opening  near  the  bottom,  arranged 
with  a  glass  stopcock  for  delivering  the  solution  in  drops. 
The  solution  should  be  protected  from  the  air  by  floating  a 
layer  of  white  mineral  oil  about  5  mm.  thick  over  the  surface. 

Standard  Phosphate  Solution — Dissolve  0.2195  gram 
of  (recrystallized)  potassium-dihydrogen-phosphate  and  dilute 
to  1000  cc.  This  solution  contains  50  p.  p.  m.  of  phosphorus 
and  is  too  concentrated  to  use  directly.  A  second  stock  solu¬ 
tion  is  made  by  taking  50  cc.  of  the  first  stock  solution  and 
j  diluting  to  500  cc.  This  second  stock  solution  contains  5 
p.  p.  m.  and  is  used  for  making  the  standard  solution  for  com¬ 
parison.  To  make  this  standard  solution  take  5  cc.  of  the 
,  stock  solution,  dilute  to  95  cc.  with  distilled  water,  add  4  cc. 
of  the  ammonium  molybdate-sulfuric  acid  solution,  and  mix 
thoroughly  by  shaking  in  an  Erlenmeyer  flask.  Add  6  drops 
of  stannous  chloride  and  shake.  Dilute  to  exactly  100  cc., 
shake,  and  the  solution  is  ready  for  use.  It  contains  0.25 
p.  p.  m.  of  phosphorus.  For  very  dilute  solutions  use  2  cc. 
of  the  stock  solution,  but  the  same  amount  of  reagents,  giving 
a  standard  which  contains  0.1  p.  p.  m.  of  phosphorus.  After 
standing  10  to  12  minutes,  the  standard  starts  to  fade,  and  a 
drop  more  of  stannous  chloride  should  then  be  added  to  bring 
the  full  color  back  which  will  again  be  permanent  for  10  to  12 
minutes. 

Analytical  Procedure — In  the  analysis  of  water,  water 
extracts  of  soils,  minerals,  fertilizers,  etc.,  it  is  permissible 
to  add  the  reagents  directly  to  these  unless  they  are  colored, 
turbid,  or  decidedly  acid  or  alkaline.  Turbidity  and  color 
should  be  removed  by  appropriate  means.  A  decided  acid 
or  alkaline  reaction  should  be  neutralized  before  adding  the 
reagents.  Organic  materials  may  be  ignited  with  magnesium 
nitrate.  In  this  case  it  is  best  to  keep  the  10  N  sulfuric  acid 
and  2.5  per  cent  ammonium  molybdate  as  separate  solutions 
in  order  that  the  ignited  residue  may  be  dissolved  with  the 
sulfuric  acid  and  the  ammonium  molybdate  added  after  proper 
dilution.  In  all  cases  the  reagents  should  be  present  after 
final  dilution  in  the  proportion  of  4  cc.  of  10  N  sulfuric  acid,  4 
cc.  of  2.5  per  cent  ammonium  molybdate,  and  6  drops  of 


stannous  chloride  per  100  cc.  The  reagents  should  be  thor¬ 
oughly  mixed  with  the  test  solution  before  the  stannous  chlo¬ 
ride  is  added,  after  which  thorough  mixing  should  again  be- 
accomplished.  Comparison  with  the  standard  should  be- 
made  within  10  minutes  after  adding  the  stannous  chloride. 

Precautions — Reagents,  filter  paper,  water,  and  glassware^ 
often  contain  appreciable  quantities  of  phosphorus  and  arsenic.. 
Blank  tests  should  be  made  frequently  in  which  all  of  the  re¬ 
agents  and  glassware  come  into  play,  and  there  should  not  be 
produced  more  than  a  very  faint  blue  color  if  everything  is 
satisfactory.  New  glassware  should  be  thoroughly  weathered 
by  treatment  with  warm  sulfuric  acid  dichromate  solution 
for  24  hours.  Filter  paper  may  be  tested  by  tearing  up  a  sheet 
of  it  and  throwing  the  shreds  into  a  blank  test  and  shaking. 
It  is  absolutely  essential  that  every  new  lot  of  reagents  be 
rigidly  tested. 

Summary  of  Improvements 

1 —  A  stock  solution  of  stannous  chloride  is  prepared  by  dis¬ 
solving  the  pure  salt  in  acidified  water  and  is  preserved  by 
covering  with  a  layer  of  white  mineral  oil.  This  is  far  superior 
to  the  old  method  of  preparing  it  each  day  as  needed  by  dis¬ 
solving  mossy  tin  in  hydrochloric  acid. 

2 —  In  comparison  to  the  old  method  the  amount  of  ammo¬ 
nium  molybdate  is  doubled  and  the  acidity  is  increased.  With 
these  amounts  and  proportions  of  reagents  the  method  is  made 
considerably  more  sensitive,  especially  to  small  amounts, 
because  the  full  effect  of  all  the  phosphate  is  probably  brought 
into  play.  Evidence  that  this  is  the  case  is  furnished  by  the 
fact  that  the  full  color  development  takes  place  immediately 
on  adding  the  stannous  chloride.  In  this  respect  there  is  a 
lag  of  5  to  10  minutes  in  the  old  method  due  to  the  slowness- 
of  the  reactions  in  coming  to  equilibrium  on  account  of 
the  less  favorable  conditions. 

3 —  Effects  from  even  high  amounts  of  silica  are  entirely 
eliminated  with  the  concentration  of  reagents  recommended. 
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A  Large  Metal  Soxhlet  Extractor' 

L.  R.  Bryant 

Ontario  Agricultural  College,  Guelph,  Ont. 


IN  THE  course  of  some  work  on  poultry  nutrition  it  was 
found  necessary  to  prepare  about  6.8  kg.  per  day  of  fat- 
free  material  for  feeding  experiments.  To  meet  this 
need  a  relatively  inexpensive  extractor  was  required.  A 
;  large  metal  extractor  of  standard  make2  was  thought  to  be 
almost  suitable  and  a  drawing  was  made,  modifying  this 
extractor  somewhat,  and  submitted  to  a  local  metal  worker, 
who  made  it  up  in  copper.  The  modified  apparatus  has 
been  giving  satisfactory  service  at  this  institution  for  the 
past  year  and  it  is  thought  that  the  details  of  its  construc¬ 
tion  would  be  of  value  to  other  workers  in  the  field,  as  any 
good  coppersmith  should  be  able  to  make  it  up  fairly  cheaply. 

The  apparatus  is  constructed  in  three  sections.  The  lower 
section  is  a  boiling  vessel  for  the  solvent  and  has  a  draining 
faucet  at  the  bottom.  The  center  section  comprises  the 
extraction  chamber  with  a  tube  for  carrying  up  the  solvent 

1  Received  February  14,  1929. 

2  Baird  and  Tatlock,  Ltd.,  London,  England. 


vapor,  a  siphon  for  returning  the  solvent  and  extract  to  the 
lower  vessel,  and  a  glass  level  gage  to  indicate  the  height  of 
liquid  in  the  extraction  chamber.  A  faucet  is  provided  for 
draining  the  extraction  chamber.  The  cover  of  the  lower 
chamber  with  the  tubes  attached  forms  a  part  of  the  center 
section.  The  top  section  is  a  reflux  condenser  consisting 
of  a  copper  coil  inside  a  copper  tank.  The  center  section 
fits  into  a  groove  in  the  top  of  the  lower  boiling  chamber. 
An  asbestos  gasket  has  been  placed  in  the  bottom  of  the 
groove  and  the  center  section  is  provided  with  lugs  so  that 
the  two  sections  may  be  fitted  together  and  tightened  by 
means  of  wing  nuts,  making  an  air-tight  joint.  The  reflux 
condenser  is  fastened  to  the  top  of  the  extraction  chamber 
in  the  same  way. 

The  material  to  be  extracted  is  put  into  a  linen  bag,  which 
is  placed  in  a  copper  frame,  shown  at  right  of  diagram.  An 
extra  copper  ring  holds  the  bag  firmly  in  place.  The  bag 
holder  containing  the  material  is  then  placed  in  the  extrac- 
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tion  chamber  and  rests  upon  a  perforated  copper  plate.  The 
bottom  of  the  siphon  tube  emerges  from  the  space  directly 
underneath  this  plate. 

The  total  height  of  the  extractor  as  sketched  is  134.5  cm. 
The  tube  which  carries  the  solvent  vapor  up  into  the  extrac¬ 
tion  chamber  is  of  2.54  cm.  external  diameter  and  2.22  cm. 
internal  diameter,  and  that  of  the  siphon  tube  of  4.77  mm. 
internal  diameter.  These  dimensions  were  found  to  be  very 
important  in  constructing  a  successful  extractor,  as  with  this 
ratio  between  the  diameters  of  the  two  tubes  premature 
siphoning  never  occurs.  The  solvent  in  the  extraction  cham¬ 
ber  always  rises  to  the  level  of  the  top  of  the  siphon  tube  be¬ 
fore  it  is  returned  to  the  boiling  chamber. 

The  apparatus  is  set  upon  an  ordinary  domestic  hot  plate 
of  800  watts,  110  volts,  with  “low,  medium,  and  high”  switch. 

Among  other  materials,  the  writer  has  extracted  a  con¬ 
siderable  quantity  of  cod-liver  meal  containing  a  large  pro¬ 
portion  (about  40  per  cent)  of  fat.  Very  satisfactory  results 
have  been  obtained  with  solvent  naphtha.  The  solvent 
naphtha  is  put  into  the  extractor,  distilled  into  the  extrac¬ 
tion  chamber,  allowing  only  the  fraction  which  distils  at  100  ° 
C.  or  below  to  pass  up  into  the  upper  chamber.  This  frac¬ 
tion  is  usually  about  40  per  cent  by  volume  of  the  solvent 
naphtha  as  purchased,  and  the  residue  is  used  as  tractor  fuel. 
The  linen  bag  is  filled  with  cod-liver  meal  (about  7  kg.)  and 
loaded  into  the  extractor.  At  the  end  of  40  hours  the  cod- 
liver  meal  has  been  found  to  be  fat-free,  using  the  ordinary 
Soxhlet  extractor  with  ether,  as  a  check.  There  is  practically 
no  loss  of  solvent  except  what  remains  absorbed  in  the  ex¬ 
tracted  material,  which  is  spread  out  on  flat  trays  until  all 
this  solvent  has  evaporated.  Both  the  solvent  and  extract 
can  be  recovered  by  running  the  apparatus  for  an  hour  or 
two  after  the  bag  of  extracted  material  has  been  removed. 


Modification  of  the  Kjeldahl  Trap1 

Geo.  H.  W.  Lucas 

Department  op  Pharmacology,  University  op  Toronto,  Toronto,  Canada 


TN  A  research  which  involved  the  determination  of  a  few 
-*■  milligrams  of  bromine  in  the  presence  of  a  large  amount  of 

chlorine,  the  bromine  was  steam-dis¬ 
tilled  into  a  solution  of  potassium 
iodide.  It  was  found  in  the  earlier 
experiments  that  some  of  the  oxidiz¬ 
ing  agent  was  carried  over  into  the 
potassium  iodide  with  the  steam  and 
the  analysis  rendered  useless;  sev¬ 
eral  types  of  Kjeldahl  traps  were  tried 
but  none  proved  trustworthy.  The 
accompanying  diagram  illustrates  a 
trap  that  was  designed  and  proved  to 
be  very  efficient. 

A.  is  a  500-cc.  Pyrex  Kjeldahl  flask; 
B  is  a  wide  glass  tube  about  1  cm. 
bore  fused  into  it;  the  end  C  is  di¬ 
rectly  over  the  opening  D  and  is  about 
3  cm.  long.  From  the  opening  D  a 
small  tube  3  mm.  bore  runs  at  an 
angle  of  about  45  degrees  to  join  E. 
At  F  the  sides  of  the  tube  are  pushed 
in  and  a  small  funnel  is  thereby  sus¬ 
pended  ;  the  funnel  is  filled  with  glass 
wool.  The  tube  G  leads  to  a  con- 

1  Received  February  11,  1929. 


denser.  The  top  of  the  trap  is  not  sealed  off,  but  is  closed 
with  a  rubber  stopper  in  order  to  allow  replacement  of  the 
glass  funnel  and  glass  wool  if  necessary. 

During  violent  ebullition  the  froth  passes  up  the  stem  E 
very  easily  and  is  directed  down.  As  the  tube  leading  from  D 
is  small,  the  gaseous  pressure  in  the  flask  H  does  not  force 
the  liquid  back.  There  is  a  continual  drop  of  fluid  from  the 
flask  through  D  back  into  II. 

This  trap  is  large  and  is  not  intended  for  the  ordinary 
Kjeldahl  distillation,  but  when  one  is  faced  with  the  problem 
of  distilling  a  very  frothy  substance  in  a  Kjeldahl  or  with 
steam  distillation  where  the  ordinary  trap  is  useless,  it  is 
invaluable.  Table  I  shows  the  quantitative  recovery  of  small 
quantities  of  bromine  by  use  of  this  trap. 


Table  I — Bromine  Recovery  with  Modified  Kjeldahl  Trap 

Distillation  Flask  Contained  besides  Bromine 


Date 

H2SO4,  K2Cr207,  and  H2O 

Recovered 

1926 

Mg. 

December  20 
1927 

Nothing 

0.0 

January  17 

3000  mg.  NaCl,  100  mg.  bromine  as  KBr 

101.4 

January  17 

100  mg.  bromine  as  KBr 

99.2 

January  17 

2000  mg.  NaCl,  100  mg.  bromine  as  KBr 

104.5 

January  17 

100  mg.  bromine  as  KBr 

98.7 

February  2 

Sodium  sulfide 

0.0 

February  3 

Nothing 

0.0 

March  7 

Halides  from  250  cc.  normal  rabbit  urine  plus 
100  mg.  bromine  as  KBr 

94.6 

March  7 

Halides  from  250  cc.  normal  rabbit  urine 

Trace 

March  7 

Halides  from  100  cc.  normal  rabbit  urine 
40  mg.  bromine  as  KBr 

plus 

37.4 
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Inductor  Coils  for  the  High-Frequency  Furnace' 

C.  N.  Schuette 


Pacific  Experiment  Station,  U.  S.  Bureau  of  Mines,  Berkeley,  Calif. 


A  NUMBER  of  high-frequency  induction  furnaces  have 
been  used  for  experimental  work  by  the  Pacific  Experi¬ 
ment  Station  of  the  U.  S.  Bureau  of  Mines.  Despite 
the  qualities  making  these  furnaces  especially  useful — -such  as 
ease  and  reproducibility  of  operation,  rapidity  of  heating, 
higher  temperatures,  carbon-free  melts,  suitability  for  work 
in  vacuum  or  inert  gases  or  for  the  preparation  of  pure 
materials,  and  economic  use  of  power — -it  was  learned  that 
each  specific  operation  required  care  in  bringing  about  the 
proper  relationships  between  inductor  and  contents. 

The  equipment  at  the  station  consists  of  an  18-kilovolt¬ 
ampere  high-frequency  converter,  including  a  220-  to  6600-volt 
reactive  transformer,  a  bank  of  twelve  condensers,  and  a 
mercury-to-copper  electrode  discharge  gap,  operating  in 
hydrogen.  The  power  input  to  the  furnace  is  regulated 
through  variation  of  the  length  of  the  discharge  gap,  accom¬ 
plished  by  raising  or  lowering  the  mercury  level  with  an  out¬ 
side  plunger.  The  furnace  inductor  is  a  coil  of  water-cooled 
copper  tubing  through  winch  the  high-frequency  current  is 
passed.  Heating  is  accomplished  by  eddy  currents  induced 
in  any  conductor  that  is  placed  within  this  coil. 

Coil  Design 

Experimental  requirements,  such  as  the  size  or  shape  of  the 
container  in  which  the  heating  is  to  take  place,  or  especially 
high  temperatures,  may  necessitate  the  use  of  furnace  coils 
of  different  dimensions  and  characteristics.  Commercial 
coils  are  not  always  immediately  available  or  especially 
suitable,  but  it  was  found  that  expeditious  production  of 
suitable  furnace  coils  was  possible,  and  the  methods  success¬ 
fully  used  at  this  station  are  the  subject  of  this  report.  When 
the  necessary  materials  and  tools  are  available,  a  complete 
coil  furnace  can  be  built  and  assembled  in  3  or  4  days  by  one 
man  having  occasional  help  from  another.  The  tools  de¬ 
veloped  and  the  method  used  in  making  such  furnace  coils 
which  are  described  were  selected  as  the  best  from  a  number 
having  varying  degrees  of  efficiency. 

The  principles  underlying  the  design  of  a  furnace  coil  have 
been  described  by  Northrup  ( 1 ).*  Disregarding  the  more 
exact  mathematical  phases  of  this  subject,  the  following  con¬ 
siderations  are  important  in  the  design  and  construction  of 
furnace  coils:  First,  the  strength  of  the  magnetic  field  is 
proportional  to  the  ampere  turns.  It  is  desirable  to  have  the 
number  of  ampere  turns  a  maximum  for  good  furnace  per¬ 
formance,  and  this  requires  the  coils  to  be  spaced  as  closely 
together  as  possible.  Second,  the  inductor  must  be  cooled 
by  a  flow  of  water  through  it,  and  in  practice  as  high  as  50  per 
cent  of  the  applied  energy  has  been  carried  off  by  this  water. 
This  limits  the  flux  density  that  can  be  used,  and  the  maxi¬ 
mum  number  of  ampere  turns;  obviously  the  coils  must  not 
be  flattened  to  such  an  extent  that  they  will  no  longer  pass 
sufficient  cooling  water  at  the  pressure  available.  Third,  the 
voltage  applied  at  the  coil  terminals  determines  the  insu¬ 
lation  that  must  be  supplied  between  the  individual  turns 
of  the  coil.  Fourth,  the  coil  diameter  governs  the  maximum 
temperature  that  can  be  reached  by  a  fixed  maximum  power 
input.  Thus,  if  very  high  temperatures  are  wanted,  a 
smaller  coil  diameter  will  concentrate  the  magnetic  field  in  a 

1  Received  November  26,  1928.  Published  by  permission  of  the 
Director,  U.  S.  Bureau  of  Mines.  (Not  subject  to  copyright.) 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


smaller  area,  and  so  induce  a  higher  temperature  in  it  for  the 
same  power  input.  Fifth,  a  certain  amount  of  heat  insula¬ 
tion  is  needed  between  the  object  to  be  heated  and  the  water- 
cooled  copper  coil.  The  effectiveness  of  this  insulation  is  not 
accurately  calculable,  and  the  experimenter  may  find  after 
trial  that  his  coil  design  does  not  meet  his  experimental  re¬ 
quirements.  Another  coil  modified  in  design  on  the  basis 
of  actual  coil  performance  must  be  used.  This  eventuality 
is  at  times  urgent,  and  makes  it  desirable  that  the  experi¬ 
menter  be  able  to  make  his  own  coils  by  a  simple  and  rapid 
method. 

Winding  Coils 

Seamless  soft-drawn  copper  tubing  is  used  to  make  the 
furnace  coil;  usually  tubing  of  3/s  inch  diameter  was  used  for 
the  coils  made  at  the  Pacific  Experiment  Station.  This  size 
of  tubing  gives  a  coil  section  Vs  inch  thick  by  J/2  inch  wide, 
after  being  flattened  and  wound.  The  coil  should  be  rolled 
from  a  single  length  of  tubing,  if  such  a  length  can  be  obtained ; 
otherwise  it  should  be  wound  before  joining  the  sections. 

The  winding  of  the  coil  is  done  in  a  lathe.  A  mandrel  may 
be  made  of  iron  pipe  or  of  hard  wood.  Soft-wood  mandrels 
have  been  used,  but  the  tubing  is  forced  into  the  surface  to 
some  extent  and  it  is  difficult  to  remove  the  finished  coil. 
The  mandrel  should  be  2V2  or  3  feet  long  for  a  coil  containing 
forty  or  fifty  turns,  and  preferably  should  have  a  very  slight 
taper  toward  the  tail  stock  of  the  lathe.  A  small  hole  just 
large  enough  to  pass  the  copper  tubing  should  be  drilled  into 
the  mandrel  near  the  head  stock  end. 

The  winding  and  flattening  are  done  at  a  single  operation, 
and  a  special  roller  tool  was  developed  for  this  purpose.  This 
tool  is  illustrated  in  Figures  1,  2A,  and  3.  A  V2  by  2  inch 
steel  bar,  16  inches  long,  is  bent  at  right  angles  about  4  inches 
from  one  end.  The  longer  end  is  twisted  through  a  right 
angle.  The  short  end  is  drilled  and  fitted  with  a  heavy 
bolt  and  plate  washer  suitable  for  clamping  this  “tool  post” 
in  the  tool-post  slot  on  the  carriage  of  the  lathe.  Two  roller 
arms  are  made  of  V2  by  1  inch  pieces  of  cold-rolled  steel  about 
10  inches  long  for  coils  up  to  8  inches  in  diameter.  On  one 
end  Vi-inch  holes  are  drilled  perpendicular  to  the  narrow 
edge  of  these  arms,  and  Stubb’s  steel  pins  D/2  inches  long 
are  driven  into  them.  These  pins  serve  as  shafts  of  the  rollers, 
and  rollers  are  made  of  Va-inch  round  Stubb’s  steel  and  are 
Vis  inch  long  for  Vrinch  tubing.  One-half  inch  of  the 
surface  of  the  rollers  is  ground  slightly  concave,  the  smallest 
diameter  being  0.475  inch.  A  concave  roller  face  prevents 
the  tubing  from  becoming  lemniscate  or  indented  in  the 
center,  as  happens  when  flat-faced  rollers  are  used.  A  Vis- 
inch  bolt,  2  inches  long,  is  passed  through  the  two  roller 
arms  an  inch  or  so  back  of  the  rollers.  The  roller  arms  are 
bolted  to  the  tool  post  by  two  V4  by  2  inch  bolts,  one  arm 
being  on  each  side  of  the  tool  post.  The  position  of  these 
arms  on  the  tool  post  varies  with  the  size  of  the  mandrel 
used,  but  is  such  that  the  roller  axis  is  radial  to  the  mandrel 
a  little  past  the  top  element,  and  touches  lightly  upon  the 
surface. 

After  the  mandrel  and  roller  tool  have  been  properly 
mounted  in  the  lathe,  the  coil  of  copper  tubing  is  unwound  and 
laid  out  approximately  straight  on  the  floor,  or  it  may  be 
mounted  on  a  reel  for  feeding  to  the  lathe. 

The  roller  tool  is  moved  to  the  head  stock  end  of  the  lathe 
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and  opened  to  prevent  flattening  the  tubing.  One  end  of  the 
copper  tubing  is  passed  between  the  rollers;  the  end  is  now 
bent  over  at  right  angles  and  thrust  into  the  hole  drilled 
into  the  head  end  of  the  mandrel.  A  wooden  peg  is  driven 
in  beside  it  to  secure  this  end  firmly  to  the  mandrel.  One 
or  two  turns  of  the  tubing  are  now  wound  up  on  the  mandrel 
to  make  the  lead-in  tubes  shown  in  Figure  2,  C  and  D. 
Then  the  rollers  are  brought  together  by  tightening  the  Vis- 
inch  bolt  through  the  roller  arms.  The  copper  tubing  is 

rolled  to  its  finished  di¬ 
mensions  by  one  pass 
through  the  rolls.  The 
roller  spacing  desired, 
is  set  by 
shim  of  this 


Figure  1 

thickness  between  the  ends  of  the  roller  arms.  As  the  rollers 
have  a  tendency  to  spread  at  the  bottom,  this  shim  is  placed 
above  the  bolt  center  on  the  arm  and  serves  to  keep  the 
rollers  parallel  as  well  as  the  proper  distance  apart. 

The  mandrel  is  now  rotated  by  hand  by  a  bar  placed 
through  the  jaws  of  the  chuck,  but  if  a  powerful  lathe  is  avail¬ 
able  the  back  gear  may  be  used  provided  that  some  means  is 
used  to  prevent  the  chuck  from  coming  off.  A  little  oil  is 
needed  on  the  rollers,  and  they  should  be  watched  for  any 
tendency  to  lift.  Rotation  should  be  steady  and  even. 

Some  coils  were  made  using  as  many  as  four  passes  through 
the  rolls,  but  this  was  found  to  be  unnecessary  as  one  pass 
gives  an  equally  good  result,  though  the  rotation  re¬ 
quires  the  application  of  a  greater  force. 

The  coils  should  be  spaced  evenly  during  the 
winding.  The  lathe  carriage  is  set  loose  and  will 
generally  feed  itself  along  as  the  lathe  is  turned 
and  the  successive  coils  are  spaced  the  width  of 
the  roller.  With  one  man  to  rotate  the  lathe  and 
another  to  oil  and  watch  the  roller  operation  a  fifty- 
turn  coil  can  be  wound  in  a  quarter  hour.  When  the 
requisite  number  of  turns  have  been  wound,  rollers 
are  loosened.  The  tubing  is  cut  a  foot  or  more  be¬ 
yond  the  flattened  part,  thus  furnishing  the  other 
unflattened  lead-in  tube.  The  tool  is  removed,  the 
pegged  end  of  the  coil  is  taken  out  of  the  mandrel , 
the  tail  stock  of  the  lathe  is  run  back,  and  the  coil 
is  readily  slipped  off  the  mandrel.  For  purposes  of 
rotation,  as  well  as  to  support  the  head  end  of  the 
mandrel  during  removal  of  the  coil,  the  use  of  a  large 
scroll  chuck  is  advantageous.  The  tail  stock  end  of 
the  mandrel  does  not  drop  when  the  tail  stock  is  re¬ 
moved,  and  the  removal  of  the  coil  is  much  easier, 
especially  when  a  heavy  iron-pipe  mandrel  is  used. 

The  next  step  is  to  provide  the  inlet  pipe  or  pipes 
in  the  body  of  the  coil.  The  coil  is  now  laid  out  on 
a  bench  on  two  wooden  rails  to  hold  it  in  line.  At  the  point 
desired  a  Y-shaped  cut  is  made,  extending  to  the  center  and 
nearly  as  wide  as  the  flattened  tubing  of  the  coil,  and  a 
piece  of  copper  tubing  flattened  to  the  same  shape  as  the 


coil  for  an  inch  at  one  end  is  fitted  to  the  V  cut  with  a 
slight  overlap.  Care  must  be  taken  to  smooth  all  burrs  and  to 
prevent  filings  from  getting  into  the  coil.  The  inlet  pipe  or 
pipes  after  careful  fitting  are  silver-soldered.  Silver  solder 
gives  a  strong  reliable  joint.  The  three  or  more  water  tubes 
are  now  run  out  straight  from  the  coil  about  4  to  6  inches, 
where  a  neat  right-angled  bend  is  made,  as  shown  in  Figure 
2,  C  and  D. 

The  coil  should  now  be  wired  or  tied  in  compressed  form 
and  tested  for  leakage  and  water-carrying  capacity.  A  leak¬ 
age  test  should  be  made  by  water  of  somewhat  greater  than 
operating  pressure.  A  capacity  test  is  made  by  timing 
the  discharge  into  measuring  containers,  and  with  a  coil  of 
one  inlet  and  two  outlets  the  discharge  of  the  two  outlet 
pipes  should  be  equal. 

Insulation  of  Coils 

The  thickness  of  insulation  used  has  a  direct  bear¬ 
ing  on  the  possible  number  of  ampere  turns.  The 
insulating  material  should  not  be  bulky.  Asbestos 
or  mica  sheet  and  an  insulating  varnish  have  both 
been  found  satisfactory. 

For  purposes  of  illustration  assume  that  the 
potential  between  individual  turns  of  the  coil  has 
been  calculated  to  be  not  more  than  100  volts  and 
that  two  thicknesses  of  0.015-inch  asbestos  paper 
and  a  phenol-resin  varnish  will  serve  for  insulation. 
Assume  that  the  coil  in  question  is  4  inches  in  in¬ 
ternal  and  5  inches  in  external  diameter.  Rings  of 
asbestos  paper  that  will  extend  Vs  inch  beyond  the  edges  of 
the  coil  are  required;  that  is,  they  should  be  of  37/s  inch  in¬ 
ternal  and  5Vs  inch  external  diameter. 

If  the  coil  has  45  turns,  about  one  hundred  of  these  rings  of 
asbestos  paper  should  be  made.  To  make  them  rapidly 
one  hundred  6-inch  squares  of  asbestos  paper  are  stacked 
and  bolted  together  between  two  boards.  Circles  of  the  re¬ 
quired  diameters  are  scribed  on  the  top  board  and  the  circles 
are  cut  on  a  band  saw.  A  radial  cut  should  be  used  in  run¬ 
ning  the  saw  into  the  inner  circle. 

For  support  during  insulation  three  pieces  of  1-inch  dowel¬ 
ing  as  long  as  the  extended  coil  are  drilled  at  FV-inch  dis¬ 
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Figure  2 

tances  with  holes  the  size  of  a  large  finishing  nail.  The  sup¬ 
ports  are  mounted  vertically  on  the  edge  of  the  bench  120 
degrees  apart  in  a  37/8-inch  circle,  as  shown  in  Figure  2,  B. 
The  coil  is  lowered  over  them  and  is  held  in  the  open  coil 
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position  by  finishing  nails  inserted  into  the  guide  rods  under 
every  third  or  fourth  coil. 

Starting  at  the  bottom,  from  three  to  five  coils  are  first 
coated  with  insulating  varnish.  Then  a  single  thickness  of 
the  asbestos-paper  rings  is  laid  on  the  coil  spiral  as  far  as  it 
has  been  varnished.  This  paper  is  now  in  turn  coated  with 
varnish  and  then  the  second  layer  of  asbestos  paper  rings  is 
laid  on  top  of  the  first  one,  the  joints  of  the  second  layer 
being  laid  180  degrees  from  those  of  the  first  layer.  In  other 
words,  care  is  taken  to  lap  the  joints.  The  second  layer  of 
asbestos  paper  is  now  coated  with  varnish;  then  the  insu¬ 
lated  coils  are  pushed  down  firmly  on  each  other  and  are 
held  in  this  position  by  finishing  nails  inserted  in  the  guide 
rods  above  them.  This  process  is  repeated  successively  until 
the  entire  coil  has  been  insulated.  The  coil  is  then  removed 
from  the  guide  rods  and  is  held  in  the  contracted  position 
by  two  wooden  cross  arms  over  the  top  and  bottom,  fastened 
by  a  bolt.  A  wooden  clamp  is  made  to  hold  the  inlet  and 
outlet  tubes  in  their  correct  position,  as  shown  in  Figure 
2,  C.  The  coil  is  now  given  another  coat  of  varnish  inside 
and  out  and  is  allowed  to  dry.  If  phenol-resin  varnish  is 
used,  it  must  be  baked  after  drying.  Baking  is  best  accom¬ 
plished  in  a  controlled-temperature  oven.  If  no  oven  is 
available  an  iron  pipe  can  be  set  through  the  coil  after  it  has 
been  mounted,  and  a  Meker  burner  inside  this  iron  pipe 
will  supply  enough  heat  to  bake  the  varnish. 

The  furnace  coil  must  now  be  mounted.  A  very  satis¬ 
factory  mounting  for  general  experimental  work  is  that  illus¬ 
trated  in  Figure  2,  D.  A  composition  board  of  asphaltic 
asbestos,  about  15  by  22  inches  and  1/2  inch  thick,  is  used  as 
a  base.  This  material  is  a  fair  insulator  and  does  not  absorb 
water.  It  can  be  drilled,  cut  by  a  saw,  and  large  circles 
can  be  cut  in  it  by  the  usual  fly-cutter  such  as  is  used  in  a 
drill  press.  The  asphalt  will  boil  out  of  it  when  it  becomes 
too  hot,  but  this  is  a  minor  source  of  annoyance  compared 
with  the  advantages  of  good  insulation  in  combination  with 
ready  workability.  Asbestos  board  with  a  cement  binder 
only  was  tried,  but  is  more  difficult  to  work  and  is  unsatisfac¬ 
tory  as  electrical  insulator. 

A  hole  equal  in  diameter  to  the  inside  diameter  of  the  coil 
to  be  mounted  is  cut  in  the  center  of  the  base.  At  the  proper 
distance  toward  one  end,  holes  are  drilled  to  pass  the  copper 
inlet  and  outlet  tubes.  The  coil  itself  is  held  in  a  frame 
made  of  three  red  fiber  rods  5/s  inch  in  diameter,  which  are 
set  in  two  rings  made  of  the  asphaltic  asbestos  board.  These 
rings  have  an  inside  diameter  equal  to  that  of  the  coil  and 
may  be  about  2  inches  wide.  They  are  drilled  at  120  degrees 
to  take  the  three  fiber  rods  which  project  through  the  lower 
ring  into  the  base.  The  rings  are  held  to  the  fiber  rods  by 
fiber  pins  through  the  edge  of  the  ring.  The  pitch  of  the 
coil  is  compensated  by  fitting  blocks  of  the  asphaltic  asbestos 
board  between  the  coil  and  the  ring  just  inside  of  the  rods. 

The  copper  tube  terminals  are  insulated  above  the  base  by 
slipping  lengths  of  ordinary  laboratory  rubber  tubing  over 
them.  Below  the  base  the  copper  tubes  are  held  by  split 
brass  or  copper  blocks,  1  inch  square  and  3V2  inches  long, 
bolted  to  the  under  side  of  the  base.  These  bolts  are  counter¬ 
sunk  and  the  screw  head  is  then  covered  writh  sealing  wax 
to  give  absolute  insulation  above  the  base.  This  is  an  im¬ 
portant  item,  because  in  operation  the  operator  may  manipu¬ 
late  a  metal  stirring  rod,  and  with  dark  glasses  to  hinder  his 
vision  may  accidentally  touch  the  terminals.  Since  this 
design  of  furnace  coil  has  no  uninsulated  parts  above  the 
base,  the  protecting  “squirrel  cage”  furnished  with  com¬ 
mercial  units  may  be  eliminated. 

The  power  connection  is  made  to  the  blocks  finder  the  base, 
which  are  drilled  and  provided  with  bolts  for  this  purpose. 

For  general  experimental  work  the  base  is  conveniently 


provided  with  a  lunged  door.  When  closed,  a  protection  tube 
of  fused  silica  or  other  suitable  material  can  be  set  on  it. 
When  left  open,  long  tubes  such  as  those  used  for  melting  in 
vacuo,  as  described  by  Schuette  and  Maier  (2),  can  be  set 
through  the  opening. 

The  base  itself  is  mounted  on  a  suitable  frame  about  18 
inches  high,  and  can  be  hinged  to  the  frame  on  one  side,  so 
that,  by  tilting  the  entire  base,  melts  can  be  poured  from 
crucibles  fixed  in  the  coil.  This  device  works  well  in  practice 
and  combines  the  advantages  of  a  stationary  and  tilting 
furnace  in  one  mounting. 

When  tools  and  accessory  appliances  have  been  made,  and 
all  material  is  ready,  a  coil  can  be  wound,  soldered,  and  tested 
in  a  day.  The  insulation  will  take  a  half  day.  Then  while 
the  coil  is  drying,  the  base  and  frame  may  be  made,  and  on 
the  fourth  day  the  new  furnace  can  be  in  full  operation. 


The  maintenance  of  the  furnace  coil  requires  little  if  any 
care.  The  insulation  may  be  impaired  if  the  coil  is  run  too 
hot,  or  the  insertion  and  removal  or  the  occasional  breakage  of 
a  protection  tube  may  damage  the  insulation  on  the  inside 
of  the  coil.  The  coil  should  be  inspected  and  revarnished  as 
occasion  offers. 

In  operation  the  cooling  water  outlets  are  best  connected 
to  separate  hoses,  and  the  discharge  from  these  should  be 
visible  to  the  operator.  If  the  greatest  heat  is  developed  in 
the  upper  part  of  the  coil,  the  water  through  this  part  of  the 
coil  may  be  dangerously  hot,  while  the  lower  half  is  cool.  The 
operator  may  detect  this  condition  by  placing  his  hand  on  each 
individual  discharge  hose.  If  the  cooling  water  is  discharged 
through  a  hose  common  to  all  outlets,  such  check  is  impos¬ 
sible.  If  the  discharge  streams  become  smaller  owring  to  a 
drop  in  line  pressure,  the  operator  is  warned  immediately 
if  he  can  see  the  discharge  plainly. 

Sometimes  the  discharge  streams  become  less  or  unequal 
because  the  source  of  the  cooling  water  is  not  clean  and  sedi¬ 
ment  lodges  in  the  coil.  In  this  event  the  coil  should  be 
cleaned  immediately.  In  severe  cases  hydrochloric  acid  can 
be  run  through  the  coil  to  dissolve  or  loosen  foreign  material, 
but  generally  a  reversal  of  the  current  will  remove  sediment 
or  obstructing  pieces  of  rubber  torn  from  the  hose  connections. 
The  water  flow  should  be  tested  for  volume  at  intervals. 

Conclusion 

It  is  hoped  that  this  article  will  aid  those  who  may  wish  to 
construct  high-frequency  induction  furnace  coils  that  are 
exactly  suited  to  the  requirements  of  experimental  conditions. 
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This  type  of  furnace  is  so  eminently  suited  to  experimental 
work  and  the  furnace  coils  are  so  easily  made  that  lack  of  the 
correct  size  of  coil  should  not  be  allowed  to  prevent  or  delay 
the  use  of  this  valuable  new  aid  to  scientific  investigation. 
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Determination  of  Total  Replaceable  Bases  in  Soils' 
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WHEN  a  soil  sample  is  leached  with  a  neutral  normal 
ammonium  acetate  solution,  the  bases  present  in 
a  replaceable  form  are  replaced  by  the  ammonium 
ion  and  are  found  in  the  filtrate.  In  using  this  method,  it 
was  noticed  that  when  this  filtrate  was  taken  to  dryness  and 
heated,  carbonates  of  these  bases  were  formed,  as  a  result  of 
heating  the  acetates.  This  suggested  the  idea  that  perhaps 
the  total  amount  of  replaceable  bases  could  be  determined  by 
titrating  the  carbonates  or  oxides  thus  formed. 

Ignition  and  titration  of  different  acetates  confirmed  this 
idea  and  showed  in  the  procedure  the  possibility  of  a  quanti¬ 
tative  determination.  Known  amounts  of  sodium,  potassium, 
calcium,  magnesium,  barium,  and  manganese  acetates  were 
ignited  and  titrated.  All  the  titration  results  were  within  1 
per  cent  of  the  theoretical  values.  Iron  and  aluminum  ace¬ 
tates  gave  no  titration  value. 

Procedure 

A  10-gram  sample  of  20-mesh  air-dried  soil  is  leached  with 
500  cc.  of  neutral  normal  ammonium  acetate  solution.  The 
filtrate  is  placed  in  a  600-cc.  Pyrex  beaker  and  evaporated  to 
dryness  on  the  steam  bath.  The  residue  is  heated  gently  on 
a  silica  plate  over  a  Bunsen  burner  for  a  few  minutes,  then  at 
full  heat  for  20  minutes.  After  cooling,  an  excess  of  standard 
acid  is  added.  The  solution  is  warmed  and  the  bottom  of  the 
beaker  is  rubbed  with  a  rubber  policeman.  The  back  titra¬ 
tion  is  made  with  standard  base  using  methyl  red  as  an  indi¬ 
cator. 

In  testing  the  method  from  3  to  40  cc.  of  acid  were  neutral¬ 
ized  by  different  samples  and  duplicates  usually  checked  with¬ 
in  0.2  cc.  The  blank  from  the  evaporation  of  500  cc.  of  am¬ 
monium  acetate  was  0.4  cc. 

Results 

A  number  of  soils  were  analyzed  for  replaceable  potassium, 
sodium,  calcium,  and  magnesium  by  the  usual  methods. 
Table  I  gives  the  results  compared  with  those  obtained  by  the 
titration  method.  All  results  are  given  in  milligram  equiva¬ 
lents  of  replaceable  base  per  100  grams  of  soil.  The  blanks 
for  the  different  determinations  were  approximately  equal. 

The  principal  replaceable  bases  found  in  mature  soils  of  a 
humid  region  are  calcium  and  magnesium  with  small  amounts 
of  potassium  and  sodium.  All  the  soils  listed  in  the  table 
belong  in  this  category  and  include  samples  from  the  various 
horizons  and  subhorizons.  The  sum  of  the  four  principal 
bases,  as  determined  by  the  regular  methods,  is  here  com¬ 
pared  with  the  total  value  as  found  by  titration.  Some 
samples  show  a  wide  variation,  but  in  general  the  agreement 
is  good. 

1  Received  February  28,  1929.  Published  with  the  approval  of  the 
Director  of  the  Illinois  Agricultural  Experiment  Station. 


Table  I — Total  Replaceable  Bases  in  Soils  Determined  by  Titration 
Compared  with  the  Sum  of  Individual  Replaceable  Bases 
Determined  by  Separate  Analyses 

Total  Replace¬ 


able  Bases 


Soil 

Cal¬ 

Mag¬ 

Potas¬ 

Deter¬ 

By 

Differ¬ 

Number 

cium 

nesium 

sium 

Sodium 

mined 

titration 

ence 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

equiv. 

equiv. 

equiv. 

equiv. 

equiv. 

equiv. 

equiv. 

13051 

12.30 

0.98 

0.97 

0.34 

14.59 

14.56 

-0.03 

13052 

8.57 

0.69 

0.95 

0.35 

10.56 

10.52 

-0.04 

13053 

6.84 

0.64 

0.55 

8.03 

9.48 

+  1.45 

13054 

7.41 

1.12 

1.06 

0.39 

9.98 

10.71 

+0.73 

13055 

12.27 

3.42 

0.89 

0.33 

16.91 

18.11 

+  1.20 

13056 

9.76 

3.74 

0.88 

0.24 

14.62 

14.84 

+0.22 

13057 

8.11 

3.38 

0.62 

0.19 

12.30 

12.39 

+0.09 

13080 

6.96 

2.07 

0.26 

0.17 

9.46 

9.35 

-0.11 

13081 

7.78 

3.39 

0.29 

0.18 

11.64 

11.55 

-0.09 

13082 

9.12 

5.16 

0.25 

0.14 

14.67 

14.63 

-0.04 

13083 

8.99 

5.29 

0.54 

0.13 

14.95 

14.63 

-0.32 

13084 

7.84 

4.90 

0.36 

0.14 

13.24 

13.04 

-0.20 

13085 

7.82 

4.82 

0.13 

0.25 

13.02 

13.75 

+  0.73 

13086 

6.82 

3.72 

0.08 

0.44 

11.06 

11.31 

+  0.25 

11159 

5.55 

1.8 

7.35 

8.62 

+  1.27 

11215 

0.75 

0.49 

1.24 

1.78 

+0.54 

11229 

4.95 

2.29 

7.24 

7.19 

-0.05 

S6102 

5.44 

0.34 

5.78 

5.94 

+  0.16 

S6130 

9.16 

0.17 

9.33 

8.97 

-0.36 

S6138 

8.65 

0.40 

9.05 

9.02 

-0.03 

S6122 

9.84 

9.84 

9.91 

+0.07 

S6123 

9.03 

o!  32 

9.35 

9.08 

-0.27 

S6124 

8.46 

8.46 

8.79 

+  0.33 

S6125 

8.10 

0.34 

8.44 

8.45 

+  0.01 

S6126 

8.40 

0.40 

8.80 

8.74 

-0.06 

13063 

Satd.  with  Na 

27.17 

13063 

Satd.  with  K 

27.46 

Blanks 

0.22 

0.17 

0.08 

0.26 

0.28 

Value  in  Limestone  Experiments 

The  soil  numbers  preceded  by  S  represent  soil  from  a  lime¬ 
stone  experiment  in  which  an  acid  soil  very  low  in  replaceable 
bases  was  treated  with  calcium  carbonate.  Here  the  differ¬ 
ences  between  the  quantitative  determinations  and  the  titra¬ 
tion  values  are  small.  A  great  deal  of  time  can  be  saved  by 
using  this  titration  method  on  experiments  of  this  kind,  ob¬ 
taining  the  value  for  the  increase  in  replaceable  calcium  by 
subtracting  the  titration  value  of  the  untreated  soil  from  that 
of  the  treated.  The  method  is  suitable,  since  the  limestone 
additions  cause  no  appreciable  increase  in  replaceable  bases 
other  than  in  calcium. 

Use  in  Base-Exchange  Studies 

Another  use  for  this  method  has  been  found  in  base-ex¬ 
change  studies  in  this  laboratory.  A  soil  leached  with  a 
sodium  or  potassium  acetate  solution  retains  in  a  replaceable 
form  the  base  of  the  wash  solution.  The  amount  of  base 
retained  as  replaceable  base  can  easily  be  determined  by  leach¬ 
ing  with  ammonium  acetate  and  proceeding  as  above,  thus 
avoiding  time-consuming  sodium  or  potassium  determinations. 
Sample  13,063  shows  results  obtained  when  the  soil  was  thus 
saturated  with  sodium  and  potassium. 

Where  total  replaceable  bases  only  are  wanted,  as  may  be 
the  case  in  scfil  type  horizon  studies,  acidity  studies,  and  in 
determining  the  degree  of  saturation  of  the  soil  with  bases, 
the  titration  method  gives  quick  and  accurate  results. 


July  15,  1929 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


145 


Modification  of  Parr’s  Total  Carbon  Determination 

in  Coal 

R.  E.  Brewer  and  E.  P.  Harding 

Division  of  Technological  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


HE  A.  S.  T.  M.  method  (1)*  for  determining  carbon  in 
coal  and  coke  is  time-consuming  and  rather  difficult 
for  the  beginning  student  to  carry  out.  Parr  (2) 
proposed  a  gas  volumetric  method  for  determining  car¬ 
bon  from  the  residue  obtained  by  fusing  the  coal  sample 
with  sodium  peroxide  and  potassium  chlorate.  The  residue 
consists  largely  of  sodium  carbonate  and  sodium  peroxide. 
This  is  dissolved  in  water,  treated  with  concentrated  hydro¬ 
chloric  acid,  and  the  evolved  carbon  dioxide  is  measured 
under  known  conditions  of  temperature  and  pressure.  As  a 
substitute  for  the  A.  S.  T.  M.  standard  method,  Parr’s  per¬ 
oxide  fusion  method  for  total  carbon  has  been  found  to  be 
more  convenient  and  sufficiently  accurate  for  the  require¬ 
ments  of  the  engineer  in  boiler  testing  computations.  Ten 
years’  experience  in  the  laboratory  at  the  University  of 
Minnesota  has  justified  the  use  of  this  rapid  method. 

Modified  Apparatus 

The  total  carbon  apparatus  designed  by  Parr  has  been 
changed  in  several  minor  respects  and  used  under  slightly 
different  conditions  in  the  Minnesota  laboratory.  These 
changes  have  resulted  in  an  easier  control  of  the  temperature, 
have  eliminated  the  need  of  compressed  air,  and  have  made 
possible  a  higher  accuracy  of  results  due  to  a  better  control 
of  the  experimental  conditions.  Figure  1  shows  the  modified 
apparatus.  Water  at  room  temperature  from  an  overhead 
storage  tank,  such  as  is  used  with  a  continuous-flow  gas 
calorimeter,  enters  the  tube  W  at  the  top,  flows  downward 
to  the  bottom  of  the  jacketing  tube,  .7,  fills  this,  and  leaves 
through  the  overflow  tube,  D.  By  proper  adjustment 
of  the  flow  of  water  through  the  apparatus,  a  uniform  tempera¬ 
ture  can  be  maintained  throughout  a  determination.  The 
temperature  of  the  gas  in  the  200-ml.  buret  is  obtained  by 
means  of  a  thermometer  suspended  in  the  water  jacket,  J. 
The  leveling  tube,  L,  is  filled  with  a  20  per  cent  solution  of 
sodium  sulfate  to  which  5  per  cent  by  volume  of  concentrated 
sulfuric  acid  has  been  added.  This  confining  solution  mini¬ 
mizes  the  absorption  of  carbon  dioxide.  Sufficient  methyl 
orange  indicator  is  added  to  give  a  deep  red  color  which 
facilitates  the  buret  readings. 

Modified  Procedure 

The  procedure  described  by  Parr  (7)  as  here  rewritten 
includes  the  changes  in  procedure  and  manipulations.  The 
residue  from  a  fusion  of  the  sample  with  sodium  peroxide 
and  potassium  chlorate  or  perchlorate,  as  accelerator,  is 
used  in  the  carbon  dioxide  determination.  One-half  gram 
of  coal  is  placed  in  the  fusion  cup  and  mixed  with  1  gram 
of  the  accelerator  by  rotating  the  cup  at  an  angle  of  about 
45  degrees.  One  measure  full — -about  14  grams — -of  sodium 
peroxide  is  added  to  this  mixture,  the  temporary  cover  put 
in  place,  and  the  ingredients  thoroughly  mixed  by  shaking. 
The  permanent  cover  with  the  firing  wire  attached  is  then 
fastened  in  place,  with  the  wire  just  dipping  into  the  charge. 
The  bomb  is  next  placed  in  a  beaker  of  water  and  submerged 
to  the  stem.  The  charge  is  then  fired  with  a  current  of 
about  2  to  4  amperes.  When  cool,  the  bomb  is  wiped  dry, 

1  Received  March  28,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


opened,  and  the  material  clinging  to  the  cover  is  washed  with 
prepared  water  into  a  250-ml.  beaker.  (All  distilled  water 
used  in  this  determination  has  been  recently  boiled  for 
10  minutes  to  remove  dissolved  gases.)  The  cup  containing 
the  fused  material  is  placed  on  its  side  in  the  bottom  of  the 
beaker  and  two-thirds  covered  with  hot  prepared  water 
(about  60°  C.).  The  beaker  is  covered  with  a  watch  glass. 
(These  precautions  minimize  contamination  with  carbon 
dioxide  from  the  water  used  and  from  the  air.)  By  gently 
moving  the  beaker,  the  fusion  cup  will  rotate  sufficiently 
to  expose  all  parts  of  the  fusion  to  the  action  of  the  water 
and  the  solution  of  the  material  will  be  completed  in  a  short 
time.  Water  at  too  high  a  temperature  causes  too  rapid 
solution  of  the  residue  and  often  results  in  loss  by  spattering 
or  by  flowing  out  of  the  beaker.  The  solvent  action  of  water 
at  a  temperature  much  under  50-60°  C.  is  so  slow  that  contact 
with  air  is  unduly  prolonged.  When  the  fusion  is  dissolved, 
the  cup  is  removed,  rinsed  well  with  prepared  water,  and  the 
washings  together  with  the  main  portion  of  liquid  in  the 
beaker  are  poured  into  the  300-ml.  Florence  flask,  B.  The 
beaker  is  washed  thoroughly  with  prepared  hot  water  and 
the  washings  are  added  to  the  main  portion  in  flask  B. 


The  large  double  pipet,  P,  is  a  little  more  than  hah  filled 
with  a  40  per  cent  solution  of  caustic  potash  or  such  other 
strength  as  is  ordinarily  used  for  the  absorption  of  carbon 
dioxide  gas.  Sodium  hydroxide  may  be  used,  but  is  less 
satisfactory  on  account  of  the  lower  solubility  of  the  sodium 
bicarbonate  formed.  The  three-way  cock,  T,  is  turned  so 
as  to  connect  the  pipet  P  with  the  buret  G.  The  leveling 
tube,  L,  is  lowered  so  that  the  liquid  in  P  is  raised  to  the  mark 
R  on  the  capillary  limb.  The  cock  T  is  now  closed  to  the 
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pipet  P  and  opened  to  the  tube  leading  to  the  flask  B.  The 
leveling  tube  L  is  raised  so  that  the  liquid  in  buret  G  is  made 
to  rise  to  the  cock  T,  thus  completely  replacing  the  air 
in  the  buret  with  liquid.  The  three-way  cock  is  now  closed 
to  maintain  the  liquid  in  the  buret  at  this  zero  point  until 
evolution  of  the  gas  from  the  contents  of  flask  B  begins. 
Owing  to  an  excess  of  sodium  peroxide  in  the  fusion,  a  large 
amount  of  oxygen  will  be  evolved  upon  heating  or  treating 
the  contents  of  flask  B  with  acid.  To  get  rid  of  this  excess 
oxygen  the  funnel  cock  is  opened  and  the  contents  of  flask 
B  are  boiled  gently  for  3  or  4  minutes.  This  removes  the 
oxygen  from  the  solution  and  most  of  the  air  from  the  flask. 
The  funnel  cock  is  closed  immediately  after  the  boiling, 
and  as  the  flask  cools  there  results  a  partial  vacuum  in  the 
portion  of  the  apparatus  up  to  the  cock  T.  For  this  reason 
extreme  care  must  be  observed  in  the  earlier  part  of  the 
procedure  and  manipulations  to  prevent  the  liquid  in  the 
buret  G  from  running  over  into  the  flask  B  when  the  cock 
T  is  opened  to  the  flask. 


Tw'o  or  three  milliliters  of  bromocresol  green  indicator 
(0.04  per  cent  solution)  are  placed  in  the  funnel  and  about 
30  ml.  of  concentrated  hydrochloric  acid  added.  The 
bromocresol  green  changes  from  bluish  green  in  an  alkaline 
solution  to  reddish  yellow7  in  an  acid  solution  and  indicates 
when  sufficient  hydrochloric  acid  has  been  added  to  the  con¬ 
tents  of  flask  B,  a  point  difficult  to  determine  when  no  suit¬ 
able  indicator  is  used. 

The  flask  is  connected  to  the  funnel  tube,  A,  and  the 
condenser,  C,  as  shown  in  Figure  1.  The  ring  support 
with  the  gauze  in  place  is  brought  up  into  position  under 
flask  B.  The  leveling  tube  L  is  lowered  and  acid  is  gradually 
admitted  to  flask  B  from  the  funnel  and  the  three-way 
cock  T  so  manipulated  as  to  allow  gas  to  pass  into  the  buret, 
but  no  confining  liquid  to  flow  from  the  buret  into  flask 
B.  (Care  must  be  exercised  in  controlling  the  opening  of 
cock  T  to  the  tube  connecting  flask  B  until  sufficient  gas  has 
been  generated  to  equalize  the  pressure.)  Cock  T  is  then 
left  opened  to  the  buret  G.  When  the  gas  generated  show7s 
a  volume  of  about  160  ml.  in  the  buret  the  acid  is  shut  off 
and  shortly  afterward  cock  T  is  closed.  The  gas  in  the 
buret  is  then  carefully  read  after  the  liquid  in  the  leveling 
tube  and  buret  have  been  brought  exactly  to  the  same  level. 
The  temperature  of  the  jacketing  water  and  the  barometric 
pressure  are  taken  for  this  volume  of  gas.  The  cock  T  is 
now  opened  to  the  absorption  pipet  and  the  gas  in  the  buret 
is  forced  quickly  into  pipet  P  by  bringing  the  liquid  in  buret 
G  to  the  zero  point.  Cock  T  is  then  closed  and  the  gas  is 
left  in  the  pipet  for  the  complete  absorption  of  the  carbon 
dioxide. 

The  procedure  of  generating,  measuring,  and  absorbing 
the  carbon  dioxide  is  repeated  until  no  more  of  this  gas  is 
generated.  Care  should  be  exercised  during  the  addition 
of  the  acid  so  that  there  will  be  no  more  than  a  slight  excess 
at  any  time.  This  may  be  accomplished  by  an  occasional 
shaking  of  the  flask. 


The  contents  of  flask  B  are  now  boiled  and  the  dissolved 
carbon  dioxide  driven  out  of  solution,  measured,  and  ab¬ 
sorbed  as  during  the  generation  of  the  gas.  When  no  further 
gas  is  evolved  the  heating  is  discontinued.  At  this  point  the 
indicator  should  show  a  yellow7  color.  If  not,  more  acid 
should  be  added,  followed  by  boiling  until  the  indicator 
shows  a  permanent  yellow  color.  Hot  prepared  wrater  is 
run  into  flask  B  from  the  funnel  until  the  water  level  is 
within  an  inch  of  the  bottom  of  the  condenser  tube.  If 
at  this  point  buret  G  is  nearly  filled  w7ith  gas,  the  gas  is  forced 
over  into  the  absorption  bulb,  as  previously  described. 
The  carbon  dioxide  in  the  flask  B  and  condenser  tube  are 
then  swept  out  with  air  by  lowering  the  leveling  bottle  L, 
opening  the  cock  T  to  the  flask  B,  and  quickly  opening 
the  funnel  stopcock,  drawing  in  air  to  nearly  the  capacity 
of  the  buret.  This  volume  is  measured  and  passed  into  the 
absorption  pipet.  If,  however,  after  the  boiling  of  the 
contents  of  flask  B,  the  volume  of  gas  in  the  buret  does  not 
read  as  high  as  100  ml.  w7hen  flask  B  is  filled  to  the  proper 
mark  wdth  hot  water,  the  carbon  dioxide  is  swept 
from  the  apparatus  as  previously  described  until 
the  capacity  of  the  buret  is  nearly  reached.  This 
volume  is  now  measured  and  passed  into  the  ab¬ 
sorption  pipet  as  previously  described.  The 
pipet  is  then  gently  shaken  so  as  to  aid  in  the  ab¬ 
sorption  of  the  carbon  dioxide.  The  air  in  the 
pipet  is  next  drawn  back  into  the  buret  and  meas¬ 
ured.  The  difference  between  the  combined  vol¬ 
umes  of  gas  measured  and  the  final  volume  of  air 
measured  gives  the  amount  of  carbon  dioxide  ab¬ 
sorbed.  If  during  the  collection  of  gas  while 
boiling  the  contents  of  flask  B  there  is  a  slight 
increase  in  the  temperature  of  the  jacket  water,  the  final 
buret  reading  should  not  be  taken  until  the  cooling  water 
flows  through  the  jacket  long  enough  to  cool  the  gas  to  the 
temperature  of  the  volumes  previously  measured. 

Corrections  for  C02  in  Reagents  and  in  Inorganic 
Combination  in  Coal 

The  sodium  peroxide  reagent  usually  contains  some 
carbonate.  This  evolves  carbon  dioxide  wiien  the  fusion 
is  treated  with  hydrochloric  acid.  The  total  volume  of 
carbon  dioxide  evolved  during  a  determination  should  be 
corrected  for  that  coming  from  the  carbonate  impurity 
in  the  sodium  peroxide  by  running  a  blank  on  one  measure 
of  the  sodium  peroxide  in  the  same  manner  as  for  the  fusion. 

Some  coals  contain  an  appreciable  amount  of  carbon  in 
inorganic  combination  as  carbonates — e.  g.,  calcium  carbon¬ 
ate.  Carbon  in  this  form  furnishes  no  heat  wrhen  the  coal 
is  burned.  For  many  purposes  the  data  for  carbon  are 
desired  in  terms  of  the  combustible  or  organic  carbon. 
The  total  carbon  in  the  coal  may  be  corrected  for  the  carbon 
present  in  inorganic  combination  by  running  a  blank  for 
this  carbon.  To  do  this  5  grams  of  the  coal  sample  are 
placed  in  the  flask  B  and  treated  precisely  as  for  the  residue 
from  a  fusion.  It  is  usually  best  to  add  some  water  to  the 
sample  before  adding  the  hydrochloric  acid.  The  amount 
of  inorganic  carbon  subtracted  from  the  total  carbon  in  the 
coal  gives  the  combustible  or  organic  carbon  in  the  coal. 

Computation  of  Results 

The  net  volume  of  carbon  dioxide  produced  from  the  fuel 
sample  is  found  by  subtracting  from  the  sum  of  the  several 
measured  volumes  of  carbon  dioxide  and  air  the  sum  of  the 
total  volume  of  air  finally  measured  in  the  buret  and  the 
volume  of  carbon  dioxide  coming  from  one  measure  of  the 
peroxide.  If  the  net  volume  of  carbon  dioxide  from  the 
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combustible  carbon  of  the  fuel  sample  is  desired,  there  should 
be  a  further  deduction  for  the  carbon  dioxide  from  the  in¬ 
organic  carbonates  in  the  same  weight  of  fuel  sample.  By 
reference  to  Table  I  there  is  found  at  the  observed  tempera¬ 
ture  and  pressure  the  weight  in  milligrams  of  carbon  in 
1  ml.  of  carbon  dioxide  gas.  The  product  of  this  factor 
and  the  corresponding  net  volume  of  carbon  dioxide  in 
milliliters  represents  the  weight  in  milligrams  of  combustible 
carbon  in  the  coal  sample.  The  percentage  of  carbon  is 
found  by  multiplying  the  weight  of  carbon  expressed  as 
grams  by  100  and  dividing  by  the  weight  in  grams  of  coal 
sample  taken. 

The  general  method  of  computing  results  as  given  above 
is  easily  applied  when  both  the  observed  temperature  and 
pressure  correspond  exactly  with  milligram  values  for  carbon 
in  carbon  dioxide  given  in  Table  I.  These  data,  however, 
more  often  fall  between  the  values  directly  given  in  the 
table.  The  writers  have  noticed  repeatedly  that  many 
students  have  difficulty  in  using  a  table  which  necessitates 
double  interpolation  to  obtain  the  correct  factor.  With  a 
view  of  simplifying  the  computations,  Tables  II  and  III 
and  Figure  2  were  constructed. 

Table  II — Temperature  Correction  Values.  Proportional  Parts 


Tenths 

of  1°  C. 

1 

2 


22 

2.2 

4.4 


23 

2.3 

4.6 


24 

2.4 

4.8 

7.2 


25 

2.5 
5.0 

7.5 


26 

2.6 

5.2 

7.8 


27 

2.7 

5.4 

8.1 


28 

2.8 

5.6 

8.4 


29 

2.9 

5.8 

8.7 


30 

3.0 

6.0 

9.0 


O  - 

s 

4 

8.8 

9.2 

9.6 

10.0 

10.4 

10.8 

11.2 

11.6 

12.0 

3  S 

3  ? 

5 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

3  t© 

6 

13.2 

13.8 

14.4 

15.0 

15.6 

16.2 

16.8 

17.4 

18.0 

3§ 

2  0 

g; 

7 

15.4 

16.1 

16.8 

17.5 

18.2 

18.9 

19.6 

20.3 

21.0 

3  M 

f*F 

ft 

8 

17.6 

18.4 

19.2 

20.0 

20.8 

21.6 

22.4 

23.2 

24.0 

9 

19.8 

20.7 

21.6 

22.5 

23.4 

24.3 

25.2 

26.1 

27.0 

Table  III — Pressure  Correction  Values.  Proportional  Parts 

Twentieths 
of  2  MM. 


Twentieths 
of  2  MM. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


12 

0.6 

1.2 

1.8 

2.4 
3.0 
3.6 
4.2 
4.8 

5.4 

6.0 


13  14 


12 


13 


14 


0.65 

1.3 

1.95 

2.6 

3.25 

3.90 

4.55 

5.2 

5.85 

6.5 


0.7 

1.4 
2.1 
2.8 

3.5 

4.2 
4.9 

5.6 

6.3 
7.0 


11 

12 

13 

14 

15 

16 

17 

18 
19 


6 

.6 

7. 

.15 

7, 

7 

7 

.2 

7. 

8 

8. 

.4 

7 

.8 

8. 

45 

9. 

1 

8 

.4 

9. 

1 

9. 

.8 

9 

.0 

9. 

.75 

10. 

5 

9 

.6 

10. 

.4 

11. 

2 

10 

.2 

11. 

05 

11. 

9 

10. 

.8 

11. 

7 

12. 

6 

11. 

4 

12. 

35 

13. 

3 

Inspection  of  Table  I  shows  that  the  differences  between 
the  factors,  for  each  degree  Centigrade  and  constant  pressure, 
range  from  0.0022  to  0.0030,  while  for  each  2  mm.  pressure 
and  constant  temperature  the  differences  are  0.0012,  0.0013, 
or  0.0014.  Table  II  is  a  proportional  parts  table  showing 
the  corrections  corresponding  to  tenths  of  1°  C.  and  Table 
III  a  similar  table  showing  corrections  corresponding  to 
twentieths  of  2  mm.  (0.1  mm.)  to  be  applied  to  the  factor 
at  or  nearest  to  the  next  lower  temperature  and  lower  pressure 
than  the  observed  data.  The  graph  in  Figure  2  represents 
the  mean  of  a  family  of  graphs  for  the  different  pressures 
recorded  in  Table  I  and  is  accurate  to  ±0.0001  mg.  The 
differences  between  the  factors — -i.  e.,  from  0.0022  to  0.0030 — - 
are  plotted  as  ordinates,  while  the  temperatures  from  10° 
to  35°  C.  are  plotted  as  abscissas. 

An  example  of  the  method  of  double  interpolation  will 
make  clear  the  computations: 

Given  20.6°  C.  and  741.7  mm.  Find  the  correct  factor  in 
milligrams  per  milliliter  of  carbon  dioxide  gas  under  these 
conditions. 

From  Figure  2  the  “difference”  per  degree  Centigrade  for  the 
temperature  interval  20—21°  C.  is  observed  to  be  0.0025  mg. 
Referring  to  Table  II  we  find  that  0.6  of  0.0025  is  0.0015,  as 
the  correction  for  temperature.  The  correction  for  pressure 
(Table  III)  is  17/20  of  0.0014  or  0.00119.  The  corrected  factor 
in  milligrams  per  milliliter  of  carbon  dioxide  is  then  0.4749  — 
0.0025  +  0.0012  =  0.4736.  This  method  of  double  interpolation 
is  accurate  to  ±0.0001. 
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It  should  be  noted  that  the  correction  for  temperature 
should  always  be  subtracted  while  the  correction  for  pressure 
should  always  be  added  when  applied  to  the  factor  at  or 
nearest  to  the  next  lower  temperature  and  lower  pressure 
as  is  recommended  for  simplicity  in  the  use  of  the  corrections. 

The  general  principle  of  this  method  of  double  interpolation 
may  be  applied  in  any  case  of  double  interpolation  from 
tabulated  data. 
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Specific  Heats  of  Mineral  Oils' 

Determined  by  a  New  Method 

L.  M.  Henderson,  S.  W.  Ferris,  and  J.  M.  Mcllvain 

The  Atlantic  Refining  Company,  Philadelphia,  Pa. 


RECEXT  developments  in  distillation  equipment  have 
increased  the  need  for  dependable  data  on  specific 
heats  of  mineral  oils  at  elevated  temperatures.  It  is 
in  this  region  of  elevated  temperatures  that  the  present 
available  data  disagree.  Cragoe  (J)*  has  expressed  his 
results  by  means  of  the  formula 

A 

Specific  heat  =  — —  15)  (1) 


1  Received  April  19,  1929.  Presented  under  the  title  “Specific  Heats 
of  Mineral  Oils”  before  the  Division  of  Petroleum  Chemistry  at  the  77th 
Meeting  of  the  American  Chemical  Society,  Columbus,  Ohio,  April  29  to 
May  3,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


where  d  =  density,  t  —  temperature  in  °  C.,  and  A  and  B  are 
constants 

which  shows  a  smaller  increase  in  specific  heat  with  rise  in 
temperature  than  that  allowed  by  the  expression  presented 
by  Fortsch  and  Whitman  (2) 

Specific  heat  =  - ^030 -  (2) 

where  t  =  temperature  in  °  F.  * 

Because  of  the  industrial  importance  of  these  equations, 
the  results  of  an  investigation  employing  an  experimental 
method  differing  materially  from  that  reported  by  previous 
investigators  are  here  presented.  The  data  derived  from 
this  work,  which  was  initiated  some  four  years  ago,  show 
the  same  temperature  gradient  for  the  specific  heat  of  oils 
as  that  given  in  Equation  2.  The  actual  values  of  the 
specific  heat  vary,  however,  with  the  source  of  the  crude 
oils.  This  agrees  with  the  findings  of  Cragoe.  For  a  given 
temperature  and  specific  gravity,  the  paraffinic  oils  show  a 
greater  specific  heat  than  the  naphthenic  oils. 

Apparatus 

A  diagram  of  the  calorimeter  used  in  this  investigation  is 
shown  in  Figure  1.  It  consisted  of  A,  a  brass  calorimeter 


■Vor?e 


PAOOL £ 


SAP/PCL 

Figure  2 — Barrel  and  Paddle  for  Calorimeter 
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COMPARISON  OF  DATA  WITH 
VALUES  GIVEN  BY  FORMULAS  OF 
FORTSCH  an*  WHITMAN!- . •) 

C»(410tt°fXaj0- SR  GR.@40T>/2.050 
AND 

CRAGOE  C-  -  - — • ) 

c s  (  a /V  xf ) + 0.0009CXX -is) 

WHERE  A  =  0.325  FOR  PARAFFIN  BASE 
-  O.AI5  "  MIXED 
=■  0.306  -  NAFHYHENE 
J>«  DENSITY  @IS.S4°C. 


A.R.CO.  DATA 
ALL  OILS 


VALUES  FOR  SAME 
OILS  CALCULATED 
BY  FORMULA  OF 


VALUES  FOR  SAME 
OILS  CALCULATED 
BY  FORMULA  OF 


NO.t. 

PENNA.  DISTILLATE 


NO. 2,. 

PENNA.  RESIDUUM 


NO.  3. 

MIDCONTINENT 

DISTILLATE 


MIDCONTINENT 
MEDICINAL  WHITE  OIL 


NO.  5. 

MIDCONTINENT 

RESIDUUM 


I  I 

100  I  SC  ZOO 
NO.t. 

GULF  COAST 
DISTILLATE 


I  I 

Iflfl  1 50  100 
NO.  7. 

GULF  COAST 
DISTILLATE 


I  I  I  I 

50  100  t?o  too 

NO.  8 

GULF  COAST 
DISTILLATE 


NO.  3. 

GULF  COAST 
DISTILLATE 


NO.  10. 

GULF  COAST 
RESIDUUM 


the  necessity  of  ascertaining  cooling 
curves  to  determine  the  heat  losses. 
The  heat  of  stirring  by  either  barrel  or 
paddle  was  found  to  be  very  small  and 
the  difference  was  therefore  neglected. 
For  the  measurements  with  the  paddle 
we  have 

Qit  -f-  Sit  —  m\C  AT  -f-  k  AT  T-  L  (3) 
For  the  measurement  with  the  barrel 
Q2t  s2t  =  m2cAT  T  k  AT  L  (4) 
By  subtracting  4  from  3  and  neglect¬ 
ing  terms  containing  s  and  rearranging, 
the  following  equation  is  obtained 
( Q\  —  Qi)t 


c  = 


(5) 


TEMPERATURE  °C 

Figure  3 

proper  holding  about  580  cc.  and  surrounded  by  an  air 
jacket.  The  heating  coil,  C,  thermometer,  D,  stirring 
shaft,  E,  and  the  fixed-level  draw-off  tube,  F,  were  all  at¬ 
tached  to  the  calorimeter  cover,  G,  and  removable  with  it. 
The  cover  was  provided  with  a  brass  shield,  H  I  J  K.  The 
shaft  E  was  threaded  at  the  lower  end  to  take  either  the 
paddle  or  the  barrel  shown  in  Figure  2.  A  small  hole  was 
bored  lengthwise  through  the  shaft  to  allow  for  the  expansion 
of  the  air  in  the  hollow  barrel  as  its  temperature  was  raised. 
The  calorimeter  and  its  accessories  were  placed  in  an  elec¬ 
trically-heated  air  bath,  which  was  provided  with  a  multi¬ 
plicity  of  fans  to  insure  uniform  temperature  throughout. 
A  voltmeter  and  ammeter  were  used  for  measuring  the 
energy  input,  while  the  electrical  energy  was  supplied  by  a 
36-volt  storage  battery.  The  thermometers  were  of  the 
total  immersion  type,  about  20  cm.  long,  with  a  range  of 
70°  C.,  graduated  to  0.2°  C.  and  readable  to  0.04°  C.  with 
the  aid  of  a  magnifier.  The  thermometers  were  tested  one 
against  another  with  specific  reference  to  thermal  lag. 

Experimental  Method 

The  method  consisted  essentially  in  measuring  the  elec¬ 
trical  energy  necessary  to  raise  the  temperature  of  a  given 
weight  of  oil  a  definite  number  of  degrees  in  a  definite  length 
of  time  under  carefully  controlled  conditions.  This  was 
repeated  after  drawing  off  a  large  part  of  the  oil  and  re¬ 
placing  the  brass  paddle  with  a  barrel  of  the  same  material 
and  weight,  and  therefore  of  the  same  heat  capacity.  The 
liquid  levels  were  the  same  in  both  determinations. 

This  procedure  permitted  the  formulation  of  the  following 
simultaneous  equations,  from  which  the  specific  heat  could 
readily  be  calculated  inasmuch  as  the  terms  involving  the 
heat  capacity  of  the  calorimeter  and  heat  loss  cancel.  This 
method  obviates  the  use  of  a  liquid  of  known  specific  heat 
for  the  determination  of  the  calorimeter  constant  and  avoids 


(mi  —  ml)  AT 

where 

Q  =  electrical  energy  input  per  second, 
in  calories 

t  =  time,  in  seconds  for  temperature 
of  oil  to  rise  AT  °  C. 

5  =  calories  per  second  developed  by 

stirring 

m  =  weight  of  liquid  charged,  in  grams 
c  =  average  specific  heat  of  the  oil 
over  the  range  AT 

k  =  apparent  average  specific  heat  of 
the  apparatus  over  the  range 
AT 

L  =  heat  lost  to  environment 

Keyes  and  Beattie  (4)  have  suggested 
the  elimination  of  the  heat  capacity 
of  the  calorimeter  by  making  a  heat- 
capacity  determination  when  the  appara¬ 
tus  contained  the  full  charge  of  liquid 
and  then  another  determination  after 
drawing  off  half  the  liquid.  In  this  case,  however,  the 
liquid  levels  are  not  the  same  in  the  two  measurements 
and  the  heat  put  into  the  calorimeter  in  the  two  instances 
is  not  of  the  same  magnitude.  Radiation  losses  were  de¬ 
termined  by  these  authors  by  means  of  cooling  curves,  a 
procedure  which  has  been  avoided  in  the  method  described 
above.  In  the  procedure  outlined  in  the  present  paper 
the  temperature  of  the  oil  must  be  raised  through  the  same 
temperature  interval  in  the  same  length  of  time  in  both 


_  SPECIFIC  HEAT  vs.  TEMPERATURE 
RELATIONSHIPS 

_1  PENNA  DISTILLATE 
Z  PENNA.  RESIDUUM 
_3  MIDC0NT.  DISTILLATE 
4  MlDCONT  MEDICINAL  WHITE  OIL 
_  5  MlDCONT  RESIDUUM 
6-9GULF  COAST  DISTILLATES 

_i o  Gulf  coast  residuum 


Figure  4 
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Oil 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Source 


Pa.  distillate 
Pa.  residuum 
Midcontinent  distillate 
Medicinal  white  oil 
Midcontinent  residuum 
Gulf  Coast  distillate 
Gulf  Coast  distillate 
Gulf  Coast  distillate 
Gulf  Coast  distillate 
Gulf  Coast  residuum 


15-5°  c. 

dn.s°c. 


0.8750 
0.9021 
0 . 8962 
0 . 8846 
0.9156 
0.9288 
0.9450 
0.9242 
0.8947 
0.9465 


Saybolt  Viscosity 

Flash 

Point 

37.78°  C. 
100°  F. 

54.4°  C. 
130°  F. 

99°  C. 
210°  F. 

Sec. 

Sec. 

Sec. 

°  C. 

194 

101 

219 

170 

304 

297 

136 

221 

287 

199 

157 

282 

304 

130 

177 

246 

105 

171 

243 

110 

171 

51 

.  .  . 

... 

152 

230 

Assay  Distillation  at  10  mm. 
Pressure 

Viscosity 
(37.78°  C.) 
Gravity 
Constant 

Initial 

5% 

50% 

°  c. 

°  C. 

°  C. 

230 

252 

274 

0.819 

238 

339 

0.814 

230 

243 

283 

0.840 

200 

227 

278 

0.825 

284 

318 

371 

0.834 

157 

180 

242 

0.882 

160 

181 

219 

0.907 

149 

171 

241 

0.880 

124 

144 

173 

0.872 

256 

274 

320 

0.876 

the  barrel  and  paddle  determinations.  The  heat  input 
necessary  to  raise  the  temperature  of  the  oil  A T°  in  an 
arbitrarily  chosen  length  of  time  (150  seconds)  was  determined 
by  making  four  or  five  determinations  in  which  the  values 
of  t  were  approximately  150  seconds,  and  then  by  plotting 
the  value  of  Qt  against  the  corresponding  heating  periods  t 
it  was  possible  to  ascertain  Qt  for  the  definite  interval  of 
150  seconds.  Once  c  had  been  determined  at  several  tempera¬ 
tures,  the  necessity  of  making  both  barrel  and  paddle  de¬ 
terminations  was  eliminated,  for  the  apparatus  could  then 
be  calibrated  according  to  the  equation: 

Qt  —  me  A  T  =  k  A  T  +  L  —  st  =  K 

In  the  actual  performance  of  these  specific  heat  measure¬ 
ments,  a  quantity  of  oil  slightly  in  excess  of  that  to  be  used 
was  weighed  into  the  calorimeter  and  the  temperatuie  of 
both  the  calorimeter  and  the  air  bath  was  brought  to  To  C. 
and  held  there  (±0.2°  C.)  for  10  minutes.  The  stirring 
was  then  stopped  and  the  excess  liquid  drawn  off  into  a 
tared  receiver.  After  this  the  stirring  was  again  started 
and  the  temperature  held  constant  at  T0°  C.  for  a  further 
period  of  15  minutes,  at  the  end  of  which  time  the  energy 
input  to  the  calorimeter  was  increased  in  such  an  amount 
that  the  temperature  of  the  oil  rose  from  (To  +  2  )  to 
(To  +  12°)  in  150  seconds.  The  temperature  of  the  air 
bath  remained  constant  at  To°  C.  during  the  entire  deter¬ 
mination. 

Preliminary  measurements  of  the  specific  heat  of  water 
indicated  the  method  to  be  reliable.  The  average  specific 
heats  of  water  were  determined  over  the  temperature  ranges 
25°  to  35°  C.  and  37°  to  47°  C.  and  found  to  be  0.987  and 
1.006,  which  differ,  respectively,  by  1.07  and  0.8  per  cent 
from  the  mean  values  reported  in  the  literature.  (The 
mean  values  of  specific  heat  of  water  from  data  of  Rowland, 
Bartoli  and  Stracciati,  Griffiths,  Barnes,  Dieterici,  and 
Callendar  are  0.99745  at  30°  C.  and  0.99773  at  42  C.) 

Experimental  Results 

Determinations  of  specific  heat  were  made  on  ten  oils 
which  varied  in  type  from  a  highly  naphthenic  Gulf  Coast 
distillate  to  a  paraffinic  Pennsylvania  residuum.  The  physi¬ 
cal  properties  of  these  oils  are  given  in  Table  I,  together 
with  their  viscosity-gravity  constants  (3).  Oils  1,  4,  5,  and 
9  have  been  acid-treated  and  filtered  through  clay;  the 
others  are  raw'  distillates  or  crude  residua.  Table  II  presents 
typical  data  for  one  determination,  while  the  experimental 
values  for  all  the  oils  are  summarized  in  Table  III.  In 
Fio-ure  4  the  specific  heats  are  given  for  each  oil  over  a 
temperature  range  of  25°  to  250°  C.,  which  necessitated 
extrapolation  of  the  experimental  data  for  several  of  the 

°  The  values  calculated  by  means  of  Equations  1  and  2 
are  compared  with  the  experimental  data  in  Figure  3,  and 
it  will  be  observed  that  in  most  instances  the  best  line  which 
can  be  drawn  through  the  points  representing  the  expen 


Table  II— Typical  Data  Sheet— Specific  Heat  of  Pennsylvania 
Residuum  at  197°  C. 


(Box  temperature.  190°  C.) 


No. 

Calorim¬ 

eter 

Temp. 

K.  M.  F. 

Current 

Time 

Wt.  of  Total 

Oil  Calories 

°C. 

Volts 

Amp. 

Sec. 

Grams 

Qit 

DETERMINATION  OF 

Qit  WITH 

PADDLE  IN 

calorimeter 

I 

192 

26.45 

4.720 

146.6 

464 . 09 

4371 

202 

26.45 

4.715 

II 

192 

26.15 

4.655 

150.0 

4363 

202 

26.15 

4.655 

III 

192 

26.20 

4 . 655 

150.8 

4376 

202 

26.00 

4 . 650 

IV 

192 

26.05 

4 . 645 

153.4 

4422 

202 

25.95 

4.635 

Qot 

DETERMINATION  OF 

Qit  WITH 

BARREL  IN 

CALORIMETER 

I 

192 

21.95 

3.925 

152 . 0 

269.19 

3129 

202 

21.95 

3.925 

II 

192 

22.00 

3.965 

149.0 

3104 

202 

22.00 

3.960 

III 

192 

22.00 

3 . 955 

151.1 

3140 

202 

22.00 

3.950 

IV 

192 

22.00 

3.940 

149.2 

3092 

202 

22.00 

3.945 

Table  III — Summary  of  Specific  Heats  of  Oils  Described  in  Table  I 

MEAN  (1)  (2)  (3)  (4)  (5)  (6)  (7)  (8)  (9)  (10) 

Temp.  v  ;  w  . _ 


°  C. 
37 
40 
77 
80 
97 
100 
127 
130 
177 
180 
197 
200 
227 
230 
247 
250 


0.503 

0.519 

0.535 

0.551 

0.574 

0.575 

0.608 

0.622 

0.643 

0.658 


0.519 

0.533 

0.565 

0.570 

0.614 

0.630 

0.636 

0.659 


0.500 

0.518 

0.519 

0.530 

0.544 

0.544 

0.601 

0.615 

0.620 

0.640 


0.437  . 

0.450  . 

0.491  0. 
0.499  0. 
0.524  0. 
0.535  0. 
0.570  0. 
0.567  0. 
0.596  0. 
0.608  0. 
0 
0. 


456  0 
473  0 
492  0 
498  0 
547  0 
543  0 
556  0 
577  0 
593 
614 


460  0.460  0 
470  0.467  0 
490  0.489  0 
500  0.500  0 
532  0.535  0 
537  0.534  0 
560  0.573 
570  0.585 


..  0.437  ... 

. .  0.448  ... 

485  0.483  ... 

497  0.485  . . . 

521  0.512  0.506 
535  0.525  0. 516 
546  ...  0 . 543 


545 


0.545 

0.596 

0.605 

0.605 

0.625 


0.653 

0.671 

0.680 

0.705 


0.664 

0.688 


0.7i3 

0.723 


mental  values  lies  parallel  to  the  straight  line  derived  from 
Equation  2.  It  coincides  with  it  only  in  the  case  of  the 
midcontinent  distillate,  but  this  is  not  unexpected  for  this 
equation  was  derived  from  measurements  made  chiefly 
on  midcontinent  oils.  It  is  evident,  however,  that  a  cor¬ 
rection  for  the  source  of  the  oil  is  necessary  to  secure  precise 
results.  Specific  heats  of  some  paraffinic  oils,  when  calculated 
with  the  aid  of  Fortsch  and  Whitman’s  expression,  are  smaller 
than  the  observed  values  by  an  amount  equal  to  O.Olo 
calorie  per  gram,  and  for  certain  naphthenic  oils  the  ca  cil¬ 
iated  specific  heats  are  0.015  calorie  per  gram  greater  than 
those  found  experimentally.  Cragoe  has  taken  this  fact 
into  account  bv  assigning  to  A  in  Equation  1  the  value  of 
0.425  for  paraffin-base  oils,  0.415  for  mixed-base,  and  0.40o 
for  naphthenic  oils.  B  is  given  a  constant  value  of  0.0009. 
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But  despite  these  corrections  for  the  source  of  the  oils, 
Equation  1  yields  low  values  at  high  temperatures. 

The  experimental  data  obtained  in  the  present  investiga¬ 
tion  indicate  that  the  specific  heats  of  mineral  oils  at  ele¬ 
vated  temperatures  can  be  calculated  with  the  aid  of  Equation 
2  sufficiently  accurately  to  fulfil  engineering  requirements. 
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The  Color  of  Wheat  Flour' 

Arthur  C.  Hardy,  Prentiss  I.  Cole,  and  Charles  W.  Ricker,  Jr. 

Department  of  Physics,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


THIS  article  presents  a  few  of  the  results  obtained  in  a 
study  of  the  color  of  samples  of  wheat  flour  which  was 
undertaken  as  a  test  of  the  applicability  to  this  problem 
of  the  recording  color  analyzer  developed  at  the  Massa¬ 
chusetts  Institute  of  Technology.  This  instrument  may  be 
described  briefly2  as  a  recording  color  analyzer  or  spectro¬ 
photometer  which  gives  results  of  high  precision  in  a  fraction 
of  the  time  required  by  other  instruments.  The  sample  to 
be  measured  is  placed  in  a  suitable  sample  holder  and  the 
instrument  then  automatically  plots  a  curve  similar  to  those 
illustrated  in  the  accompanying  figures,  the  average  time 
required  for  the  measurement  being  less  than  one  minute. 

Before  this  investigation  was  undertaken,  letters  were 
addressed  to  twenty-one  millers  located  in  different  sections 
of  the  country.  Through  their  cooperation,  the  writers  were 
able  to  obtain  approximately  one  hundred  samples  of  various 
grades  of  wheat  flour,  together  with  such  data  as  the  ash, 

1  Received  February  18,  1929. 

2  For  complete  technical  description  see  J.  Optical  Soc.  Am.,  18,  96 
(1929).  A  semi-technical  article  will  be  found  in  the  Tech.  Engineering 
News  for  May,  1928. 


protein,  and  moisture  content.  Approximately  thirty-five 
samples  were  selected  from  this  group  which  represented  both 
bleached  and  unbleached  grades  of  flour.  The  specimens 
were  placed  in  small  cardboard  boxes,  approximately  the 
size  of  a  match  box,  which  were  filled  level  full.  It  was 
found  that  placing  a  thin  microscope  cover  glass  over  the 
surface  to  be  tested  yielded  uniform  results  which  corre¬ 
sponded  well  with  color  estimates  made  in  other  ways.  To 
eliminate  any  possible  effects  of  humidity,  these  samples  were 
all  tested  on  the  same  afternoon. 

The  information  furnished  by  the  color  analyzer  is  a  curve 
similar  to  those  shown  in  Figure  1.  The  vertical  scale 
represents  reflecting-power  values  referred  to  a  magnesium 
carbonate  standard  while  the  horizontal  scale  represents 
wave-length  units  in  the  visible  spectrum.  It  is  obvious  that 
every  possible  color  is  representable  by  a  curve  of  some  sort 
on  this  diagram.  Thus,  a  pure  white  sample  results  in  a 
horizontal  straight  line  at  100  per  cent  reflecting  power, 
while  a  gray  sample  usually  produces  a  nearly  horizontal  line 
lying  somewhat  below  the  white,  its  height  indicating  the  posi¬ 
tion  of  the  sample  on  a  scale  headed  by  white  and  ended  by 
black.  The  two  curves  shown  in  Figure  1 
were  obtained  with  a  sample  of  hard  spring 
wheat  of  a  patent  grade.  Curve  1  represents 
the  unbleached  flour  and  curve  2  the  same 
flour  after  bleaching.  It  will  be  noticed  that 
the  unbleached  flour  has  a  lower  reflecting 
power  in  the  blue  region  of  the  spectrum, 
which  gives  it  a  yellowish  cast.  The  princi¬ 
pal  effect  of  bleaching  is  to  raise  the  curve 
in  this  region  of  the  spectrum,  which  causes 
the  flour  to  occupy  a  slightly  higher  position 
on  a  scale  of  grays  and  to  look  whiter  on  a 
scale  of  yellows. 

Unfortunately,  a  considerable  amount  of 
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experience  is  necessary  before  the  appearance  of  a  sample  can 
be  estimated  exactly  from  the  shape  of  the  spectrophotometric 
curve.  This  difficulty  will  soon  be  solved  by  an  attachment  to 
the  color  analyzer  which  will  compute  mechanically  the  three 
primary  sensations  produced  by  a  given  sample.  As  the 
usual  method  of  performing  this  computation  is  extremely 
tedious  and  unsuitable  as  a  routine  procedure,  the  writers 
have  devised  a  much  simpler  one  to  fit  the  present  case  in  an 
attempt  to  correlate  their  results  with .  the  other  known 
properties  of  the  many  grades  of  flour.  Since  the  maximum 
sensitivity  of  the  normal  human  eye  occurs  at  556  m/x  in  the 
green,  this  point  in  the  spectrum  was  selected  as  the  basis  for 
estimating  the  position  of  a  specimen  on  a  scale  of  grays. 
Thus  the  reflecting  power  of  Sample  3  in  Figure  2  at  o56  m/x 
is  88  per  cent.  Consequently,  by  definition,  the  brilliance 
score  of  this  sample  is  88.  The  yellowness  of  a  sample  de¬ 
pends  principally  on  the  degree  of  excitation  of  the  primary 
blue  sensation  which  has  a  maximum  at  440  m/x.  If  the 
height  of  the  curve  representing  Sample  3  were  88  per  cent 
at  this  point,  it  would  probably  appear  to  be  a  neutral  gray 
in  color.  The  actual  height  is  79.7  per  cent  and  the  difference 
between  this  value  and  88  per  cent  is  arbitrarily  taken  as  the 
yellow  score. 

This  method  of  deducing  the  value  of  the  color  sensation 
from  the  spectrophotometric  curve  is  only  approximate,  but 
it  is  satisfactory  whenever  all  the  curves  have  the  same  general 
shape,  as  was  found  to  be  true  in  this  case.  For  example, 
Figure  2  showTs  a  curve  for  a  representative  sample  of  a  patent, 
straight,  and  bakers’  grade  of  wheat  flour.  The  curves  for  all 
thirty-five  samples  were  found  to  be  of  this  general  form  and 
corresponded  closely  to  the  designated  grade  for  samples  ob¬ 
tained  from  mills  which  maintain  color  standards  carefully. 
Although  these  results  are  of  a  preliminary  character,  the 
writers  have  attempted  to  correlate  the  computed  color 
values  with  the  other  known  properties  of  the  samples.  The 
results  for  thirty  samples  obtained  from  nine  mills  are  gi\en 
in  the  accompanying  table. 


Experimental  Data 


Mill 

Ash'1 

Per  cent 

Grade 

VIII 

0.334 

Patent 

VI 

0.345 

Patent 

IX 

0.404 

Patent 

VII 

0.380 

Patent 

II 

0.394 

Patent  b 

VIII 

0.441 

Straight 

IX 

0.404 

Straight  b 

VII 

0.400 

Straight 

VI 

0.442 

Straight 

I 

III 

0.392 

Patent 

0.460 

Straight*1 

I 

0.447 

Straight 

Bakers’ 

VII 

0.620 

II 

0.386 

Patent 

III 

0.395 

Patent b 

III 

0.395 

Patent 

IV 

0.450 

Straight 

IV 

0.410 

Patent 

v 

0.393 

Patent 

II 

0.433 

Straight 

v 

0.418 

Straight 

Bakers’ 

I 

0.668 

III 

0.659 

Bakers’  *> 

III 

0.460 

Straight 

VI 

0.536 

Bakers’ 

v 

0.588 

Bakers’ 

II 

0.534 

Bakers’*1 

IX 

0.659 

Bakers’  *> 

IX 

0.659 

Bakers’ 

III 

0.650 

Bakers’ 

a  15  per  cent  moisture  basis. 
b  Unbleached. 


Brilliance 

Score 


94.8 

93.7 

93.4 

92.8 
92.8 
92.7 

92.7 

91.8 

91.6 

91.4 

91.3 

90.9 

90.7 

90.5 
90.5 

90.5 
90.2 

89.4 
89.4 

89.4 

89.1 

88.8 
88.8 

88.2 
88.0 

87.7 

87.6 

87.4 
87.4 

85.8 


Yellow 

Score 


3.8 

5.5 

6.3 
6.2 

11.3 

4.5 
11.0 

6.4 
6.0 

5.8 
14.2 

5.8 

12.5 
6.2 

7.2 
13.9 

6.9 

9.5 

6.4 

8.4 

8.9 
6.0 

13.7 

8.5 

8.3 
8.3 
9.8 

11.6 
9.8 

7.6 


Although  curves  were  run  on  the  other  samples,  the  results 
w’ere  not  included  because  the  data  as  to  ash  or  moisture 
content  were  incomplete.  These  samples  were  classified  into 
patent,  straight,  and  bakers’  grade  according  to  the  miller’s 
designation  when  that  was  furnished,  or  according  to  the 
recommendation  of  Alway  and  Clark  when  the  miller  s  desig- 

nation  was  lacking.  , 

It  will  be  seen  from  this  table  that  the  brilliance  score  tends 

to  decrease  with  an  increasing  ash  content  and  the  yellow 
score  to  increase.  This  is  better  illustrated  by  Figures  3  and 
4.  It  is  expected  that  more  work  along  this  line  will  be  under¬ 
taken  when  a  commercial  model  of  the  color  analyzer  is 
available  for  routine  purposes. 


Rapid  Calibration  of  Pipets  and  Burets' 

Alfred  T.  Shohl 


Babies’  and  Children’s  Hospital, 


Department  op  Pediatrics  op  School  op  Medicine, 


Western  Reserve  University,  Cleveland,  Ohio 


The  method  proposed  is  rapid  and  accurate  and  involves 
no  special  apparatus.  It  depends  upon  the  specific 
gravity  of  mercury.  The  required  weights  and  one  of  a 
pair  of  fared  flasks  are  placed  upon  the  right  pan  of  a  rough 
balance.  The  other  tared  flask  is  placed  upon  the  left  pan. 
Mercury,  covered  by  a  layer  of  water,  is  delivered  from  the 
apparatus  to  be  calibrated  into  the  second  flask  until  the 
balance  just  turns.  Delivery  of  the  known  weight  of  mercury 
measures  the  desired  volume. 

The  pipet  must  be  standardized  between  marks,  the 
upper  graduation  is  first  marked  and  etched.  A  narrow 
strip  of  paper  is  then  gummed  lengthwise  along  the  lower  stem 
at  the  point  where  the  lower  calibration  is  to  be  made,  and  a 
stopcock  attached  to  the  tip  of  the  pipet  with  heavj  -wa  e 
rubber  tubing.  Into  the  pipet  is  introduced,  by  suction,  first 
a  little  water  and  then  mercury  to  a  point  somewhat  above  the 
upper  mark.  The  stopcock  is  manipulated  so  that  the  water 
meniscus  is  on  the  etched  line.  The  delivery  time  is  recorded 
and  a  mark  made  upon  the  gummed  paper  at  the  lowest 

1  Received  December  7,  1928. 


point  of  the  water  meniscus.  The  mark  is  then  permanently 

61  Burets  and  Mohr  pipets  are  calibrated  in  the  same  fashion. 
The  method  has  been  used  to  check  calibrations  etched  by  the 

manufacturers.  .  .  ,  ,  , 

When  the  water  delivered  from  a  pipet  is  weighed  and  the 
mark  ascertained  by  trial  and  error  according  to  the  usual 
method,  1  hour  is  required  to  calibrate  each  pipet.  the  first 
time  the  above  method  was  used,  with  no  effort  to  attain 
speed,  twelve  pipets  were  calibrated  in  1  hour.  The  correct 
weights  are  at  once  placed  upon  the  balance.  The  mercury  is 
poured  out  after  each  determination  and  leaves  the  flask  dry 
and  clean.  This  eliminates  re-weighing  the  flask,  or  cleaning 
and  drying  it  between  determinations.  Further  since  the 
exact  weight  is  already  on  the  balance  pan,  the  ca hbration  is 
correct  at  the  first  trial.  If  too  much  mercury  is  delivered,  a 
few  drops  can  be  withdrawn  from  the  weighing  flask  with  a 
hypodermic  syringe  and  needle  and  returned  quantitativ e  y 

to  the  apparatus.  .  ,  ,  , 

The  accuracy  of  the  method  was  tested  by  the  weight  of 
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water  delivered.  In  every  case  it  came  within  the  limits  given 
by  Treadwell  (3)  and  the  Bureau  of  Standards  (1).  For  5-ml. 
pipets  the  error  ran  from  0.0  to  0.3  per  cent.  It  is  consider¬ 
ably  easier  to  attain  a  given  accuracy  with  mercury  than  with 
water,  because  of  the  former’s  greater  specific  gravity  and  sur¬ 
face  tension.  An  ordinary  buret  stopcock  will  deliver  a  drop 
of  the  order  of  100  mg.  of  mercury,  which  is  equivalent  to 
0.007-0.008  ml.  of  water.  By  the  use  of  a  Luer  adapter  and 
hypodermic  needle  a  drop  of  mercury  of  5-10  mg.  may  be 
delivered  (3).  Hence  for  a  1-ml.  pipet  a  balance  with  a  sensi¬ 
tivity  of  50  mg.  is  accurate,  and  for  a  100-ml.  pipet  one  with  a 
500  mg.  sensitivity  may  be  used. 

The  position  of  the  balance  when  the  weighing  flask  was 
visibly  heavy  has  been  chosen  as  the  end  point  and  the  tared 
flask  thus  adjusted.  It  is  equally  satisfactory  to  balance  the 


tares  and  subtract  from  the  weights  added  the  amount  neces¬ 
sary  to  turn  the  balance. 

As  with  the  Ostwald  calibrating  pipet,  by  this  method  .the 
required  amount  is  delivered  directly.  The  Ostwald  method 
involves  a  calibration  of  the  calibrating  instrument;  the 
pipet  should  be  fitted  with  a  three-way  stopcock  and  made 
to  contain  exactly  the  desired  amount.  The  method  sug¬ 
gested  has  been  found  to  be  as  accurate  and  more  conven¬ 
ient. 

Literature  Cited 

(1)  Bur.  Standards,  Circ.  9  (1916). 

(2)  Shohl,  J.  Am.  Chem.  Soc.,  50,  417  (1928). 

(3)  Treadwell,  "Analytical  Chemistry.  Vol.  II — Quantitative  Analysis,"  p. 
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Large-Capacity  Laboratory  Condensers' 

D.  F.  Othmer 

Eastman  Kodak  Company,  Rochester,  N.  Y. 


IN  THE  operation  of  several  glass  distillation  units  used 
for  the  preparation  of  small  amounts  of  fine  chemicals 
and  for  distillation  studies,  glass  condensers  of  a  greater 
capacity  than  those  ordinarily  found  in  laboratories  were 
necessary.  Two  types  have  been  developed  and  their  use¬ 
fulness  proved  on  dozens  of  operations.2 

Figure  1  shows  a  double-coil  condenser  with  water  flowing 
in  both  tubes  in  parallel  and  vapors  condensing  on  both 
coils  and  to  a  smaller  extent  on  the  inner  wall  of  the  jacket 
due  to  the  cooling  of  the  air.  Single-coil  condensers  of  this 
type  are  also  in  use,  but  when  a  compact  unit  is  necessary 
the  double  coil  is  recommended.  In  many  set-ups  where  a 
liquid  seal  is  necessary  on  the  outlet,  a  vent  tube  is  inserted 
through  the  top  stopper  carrying  the  vapor  inlet  and  ex¬ 
tended  along  the  axis  till  it  touches  the  bottom  coil. 

The  advantages  of  this  type  of  condenser  over  the  numerous 
other  kinds  which  have  been  used  in  this  laboratory  are: 

(1)  It  offers  the  maximum  amount  of  effective  cooling 
surface  in  the  minimum  space.  The  head  room  necessary  for  a 
laboratory  distillation  unit  is  usually  considerably  reduced. 

(2)  There  is  no  back  pressure  or  tendency  to  prime  as  in 
the  usual  coil  condenser. 

(3)  Only  one-tenth  to  one-half  as  much  water  is  required, 
since  it  may  usually  be  discharged  within  10°  C.  of  the  tempera¬ 
ture  of  the  vapor. 

(4)  When  only  a  constant  predetermined  fraction  of  the 
vapors  is  to  be  condensed — as,  for  example,  in  a  dephlegmator 
condenser — changes  may  quickly  be  made,  since  the  water  hold¬ 
up  is  very  small  and  the  control  is  much  more  reliable  as  the 
uncertainty  of  convection  currents  is  eliminated. 

Relative  dimensions  vary  with  the  use  for  which  the 
condenser  is  intended  and  those  of  the  one  shown  are  merely 
suggestive:  length  over  all  330  mm.;  outside  diameter  of 
jacket  68  mm.,  of  tubing  in  outer  coil  8  mm.,  in  inner  coil 
6  mm.,  of  vapor  inlet  30  mm.,  and  of  condensate  outlet  10 
mm. 

The  size  of  the  condenser  described  above  is  limited  by 
the  size  of  the  jacket  which  can  be  fabricated,  and  a  condenser 
of  still  larger  capacity  is  indicated  in  Figure  2.  In  this 
unit  the  vapors  are  condensed  inside  the  coils  as  in  the  ordi¬ 
nary  coil  condenser.  Such  a  condenser  usually  has  a  great 

1  Received  April  12,  1929. 

2  These  condensers  have  been  satisfactorily  constructed  and  are 
available  in  different  sizes  from  the  Technical  Glass  Co.,  Rochester,  N.  Y. 


length  of  cooling  coil  of  very  small  bore,  and  consequently 
all  the  vapors  which  can  enter  are  cooled  in  the  first  few 
turns  and  the  remainder  of  the  length  is  wasted.  To  utilize 
the  whole  area,  the  condenser  shown  has  a  coil  short  in  com¬ 
parison  to  the  bore  and  consists  of  two  individual  helixes 
screwed  together  and  welded  top  and  bottom.  The  cross 
section  of  the  vapor  inlet  at  the  neck  is  slightly  larger  than 
the  sum  of  the  cross  sections  of  the  two  coils. 

A  sheet  metal  can  is  formed  of  a  tube  with  bottom  and 
half  of  a  standard  1-inch  I.  P.  S.  coupling  soldered  on.  The 
can  and  coil  are  assembled  with  a  rubber  stopper  as  shown. 

The  dimensions  of  this  particular  condenser  are:  over-all 
length  410  mm.;  outside  diameter  85  mm.,  of  tube  10  mm., 
of  inlet  28  mm.,  and  of  outlet  10  mm. 
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Determination  of  the  Moisture  Content  of  Coal  and 

Similar  Substances' 

Manfred  Mannheimer2 

Sterling  Chemistry  Laboratory,  Yale  University,  New  Haven,  Conn. 


VARIOUS  methods  have  been  published  for  the  de¬ 
termination  of  the  moisture  content  of  coal  and  similar 
substances  ( 1 ,  2,  4).*  The  variety  of  these  methods 
shows  that  no  one  of  them  is  completely  satisfactory  and 
preferable  to  the  others.  If  the  moisture  content  is  deter¬ 
mined  by  different  methods  on  the  same  sample  of  coal, 
the  values  found  will  differ  somewhat.  In  general,  the  values 
found  when  the  same  method  is  applied  several  times  check 
fairly  well  with  one  another  but  differ  from  those  found  by 
other  methods.  This  is  particularly  true  with  brown  coal, 
lignite,  and  sub-bituminous  coal. 

A  new  method,  which  permits  an  analysis  of  moisture 
within  5  minutes,  has  been  worked  out,  which  consists  in 
the  extraction  of  the  coal  by  a  hygroscopic  liquid  and  the 
subsequent  determination  of  the  water  content  of  this  liquid. 
The  liquid  to  be  used  should  have  the  following  properties: 
It  should  allow  an  extraction  in  the  shortest  possible  time; 
it  should  extract  practically  all  of  the  water  and  only  water 
and  not  other  substances  which  the  coal  might  contain,  for 
otherwise  it  would  not  be  possible  to  make  a  simple  determina¬ 
tion  of  the  water  content  of  the  liquid  and  assume  it  to  be 
identical  to  that  of  the  coal. 

Of  the  liquids  which  have  been  considered — namely,  sul¬ 
furic  acid,  acetic  acid,  acetone,  methanol,  and  ethyl  alcohol — 
methanol  approaches  most  closely  to  the  ideal.  While  some 
of  the  liquids  give  yellow  or  brown  solutions  due  to  extraction 
of  material  from  the  coal,  the  extract  with  the  two  alcohols 
shows  at  most  a  very  weak  yellowish  color  when  viewed  in  a 
thick  layer.  Methanol  is  preferable  to  ethyl  alcohol  be¬ 
cause  of  its  greater  affinity  for  water  and  its  lower  price. 
The  other  favorable  properties  of  methanol  are  shown  by  the 
following  experimental  results,  but  it  is  not  improbable  that 
eventually  an  even  more  suitable  liquid  may  be  found,  taking 
into  consideration  the  chemical  composition  of  the  various 
coals  or  other  substances  to  be  tested. 

For  determining  the  moisture  content  of  the  methanol  the 
following  methods  were  tried:  electrical  conductivity  of 
dilute  salt  or  acid  solutions  in  methanol;  change  of  critical 
solution  temperature  of  hydrocarbons;  catalysis  constant  of  a 
dissolved  ester;  determination  of  density.  The  last  method 
is  the  most  convenient  one,  and  a  method  was  worked  out 
which  can  generally  be  used  for  measuring  changes  of  density 
as  small  as  0.01  per  cent  in  any  liquid.  A  floater  of  glass 
having  the  same  density  as  absolute  methanol  at  a  certain 
temperature  will  sink  at  a  higher  temperature  and  'will  rise 
at  a  lower  temperature.  If  the  alcohol  contains  some  water, 
its  density  is  greater;  therefore,  the  floater  will  rise.  By 
raising  the  temperature  it  is  possible  to  adjust  the  density  of 
the  liquid  so  that  the  floater  will  just  float.  The  change 
of  temperature  necessary  for  this  compensation  is  a  measure 
for  the  water  content  of  the  alcohol. 

Description  and  Handling  of  Apparatus 

The  extraction  apparatus  is  shown  in  the  accompanying 
illustration.  The  weighed  sample  of  coal  is  put  into  the 

1  Received  February  25,  1929. 

2  Sterling  Research  Fellow,  Yale  University. 
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funnel  at  the  top  of  A;  then  the  extraction  liquid  from  the 
storage  bottle,  D,  is  poured  over  it  by  means  of  pipet,  C. 

Because  of  the  hygroscopicity  of  methanol  the  pipet  should 
not  be  handled  with  the  mouth,  but  should  be  filled  by  heating 
the  upper  bulb,  1,  with  the  upper  stopcock  open,  allowing 
air  to  expand,  then  closing  the  stopcock  and  allowing  the 
bulb  to  cool,  thus  creating  a  diminished  pressure.  Then  the 
pipet  is  inserted  in  the  methanol  bottle  and  the  lower  stop¬ 
cock  is  gently  opened  to  fill  the  pipet.  The  pipet  is  dried 
after  use  by  heating  bulb  1  over  a  flame  with  both  of  the 
stopcocks  closed;  the  lower  stopcock  is  then  opened  for  a 
moment,  so  that  the  air  can  rush  out.  Bulb  2  is  heated  with 
the  upper  stopcock  open  and  the  lower  one  closed.  Air  is 
drawn  into  bulb  1  during  this  cooling  period.  If  this  pro¬ 
cedure  is  repeated  two  or  three  times  the  pipet  may  be 
dried  as  quickly  as  by  drawing  air  through  it  by  means  of 
pump.  (Time  can  be  saved  by  using  an  automatically  ad¬ 
justing  pipet  as  described  by  Orth,  3.)  The  storage  bottle  is 
closed  with  a  stopcock  in  order  to  save  sealing  the  stopper 
with  paraffin  after  each  opening;  the  stopcock  can  be  greased 
with  a  mixture  of  solid  and  liquid  paraffin  (white  mineral 
oil)  or  with  pure  vaseline.  A  bottle  that  was  half  filled  with 
methanol  showed  an  increase  of  water  content  of  0.03  per 
cent  after  the  bottle  had  been  opened  many  times  during  a 
wTeek.  This  is  below  the  limit  of  error  of  the  practical  de¬ 
termination  of  water  content  of  coal.  However,  it  might  be 
advisable  to  check  the  water  content  of  the  alcohol  once 
every  2  weeks. 

A  slight  enlargement  of  the  upper  end  of  the  stem  of  the 
extraction  funnel  serves  to  receive  a  roll  of  filter  paper  for 
the  retention  of  the  fine  coal  particles.  By  means  of  a  piece 
of  rubber  tubing  the  funnel  is  fastened  to  a  stopcock  and  this 
to  a  thin-walled  test  tube  closed  by  a  rubber  stopper.  From 
the  test  tube,  which  contains  the  floater,  a  second  tube  with 
a  stopcock  leads  to  a  calcium  chloride  drying  tube  connected 
to  a  water-jet  pump.  After  the  methanol  has  been  shaken 
with  the  coal,  it  is  drawn  into  the  test  tube  by  the  pump, 
then  air  is  allowed  to  reenter  through  the  drying  tube,  the 
funnel  and  the  drying  tube  are  taken  off,  and  the  test  tube 
is  transferred  to  apparatus  B.  In  order  to  avoid  change  of 
concentration  by  evaporation  of  methanol,  the  stopcock 
on  the  right  side  in  A  must  be  kept  closed  most  of  the  time 
while  pumping.  If  the  suction  becomes  too  weak,  it  may  be 
re-opened  for  a  moment.  Shortly  before  the  upper  stop¬ 
cock  is  closed,  the  contents  of  the  test  tube  are  allowed  to 
boil  by  warming  the  test  tube  with  the  hand,  thus  securing 
uniform  distribution  of  the  water. 

After  use,  the  test  tube  with  the  floater  is  washed  out  with 
methanol  and  then  exhausted  by  the  pump,  and  the  rest  of 
the  liquid  in  the  glass  is  evaporated  by  warming  it  with  the 
hand. 

The  apparatus  B  consists  essentially  of  a  transparent  water 
bath  with  an  outlet,  containing  also  a  stirrer  and  a  thermome¬ 
ter  reading  to  tenths  of  a  degree.  The  temperature  of  the 
water  in  the  bath  is  regulated  by  letting  in  hot  water  from 
the  beaker  on  the  left  side  or  ice  water  from  the  beaker  on  the 
right  side;  in  the  same  way  it  is  possible  to  regulate  the 
rate  of  change  of  temperature  by  dropping  in  hot  or  cold 
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water.  Thus,  the  equilibrium  temperature  of  the  floater  can 
be  determined  in  less  than  2  minutes. 

Analytical  Procedure 

The  ratio  of  coal  and  methanol  should  be  chosen  so  that 
the  final  water  concentration  in  the  methanol  will  not  exceed 
2  per  cent  if  accuracy  is  required.  The  coal,  ground  to  pass 
a  60-mesh  screen,  is  weighed  and  shaken  for  at  least  half  a 
minute  in  the  funnel  A  with  methanol  which  has  been  taken 
from  the  storage  bottle  D  by  the  pipet  C;  then  the  methanol 
is  sucked  through  the  filter  into  the  test  tube  with  the  floater. 
The  equilibrium  temperature  of  the  floater  in  the  aqueous 
methanol  is  determined  in  the  apparatus  B.  From  the  equilib¬ 
rium  temperature,  the  amount  of  coal,  and  the  quantity  of 
methanol,  the  water  content  of  the  coal  can  be  determined 
simply.  After  some  practice  the  whole  procedure  may  take 
less  than  5  minutes. 

Experimental  Results 

For  the  floater  the  following  calibration  table  was  found  by 
adding  known  quantities  of  water  to  absolute  methanol: 


Water  in 

Equilibrium 

Diff.  II 

Methanol 

Diff.  I 

Temperature 

Diff.  II 

Diff.  I 

%  by  wt. 

%  by  wt. 

0  C. 

0  C. 

0 

0.844 

21.80 

2.62 

3.10 

0.844 

1.413 

24.42 

4.39 

3.11 

2.257 

3.189 

28.81 

10.01 

3.14 

5.446 

2.363 

38.82 

7.50 

3.17 

7.809 

2.644 

46.32 

8.20 

3.10 

10.453 

54. 52 

This  table  makes  it  possible  to  find  the  water  content  with 
more  than  sufficient  accuracy  from  the  observed  equilibrium 
temperature  very  easily  by  interpolation.  The  change  of 
temperature  is  practically  proportional  to  the  water  content. 
The  equilibrium  temperature  can  easily  be  determined  as 
closely  as  0.01°  C.  but  in  practice  a  reading  of  0.1°  C.  is 
close  enough,  since  the  method  is  very  sensitive.  Because 
of  the  proportionality  the  methanol  need  not  be  absolutely 
water-free,  but  about  every  2  weeks  it  should  be  checked 
with  the  floater,  since  it  might  have  absorbed  moisture  from 
the  air,  and  the  initial  equilibrium  temperature  thereby 
changed. 

Different  types  of  coal  with  a  great  variation  of  moisture 
content  and  volatile  matter  were  selected.  The  new  method 
was  found  to  give  excellently  checking  results  for  the  water 
content  of  any  sample.  Small  deviations  up  to  0.1  per  cent 
were  observed  sometimes;  but  these  decreased  if  larger  quan¬ 
tities  of  coal  were  used  or  if  the  coal  contained  a  high  per¬ 
centage  of  moisture. 

The  data  obtained  with  three  samples  of  coal  of  widely 
different  properties  will  now  be  discussed. 

Coal  from  Moshannon  Mine,  Clearfield  County,  Pa. — - 
This  coal  had  the  following  proximate  analysis:  moisture  2.2, 
volatile  matter  23.2,  fixed  carbon  66.2,  ash  8.4  per  cent. 

This  case  must  be  considered  as  unfavorable  for  the  appli¬ 
cation  of  the  extraction  method.  The  water  content  is  small 
and  therefore  it  is  to  be  expected  that  it  cannot  be  totally 
extracted  within  a  short  time;  on  the  other  hand,  if  the  ex¬ 
traction  is  extended  too  long,  the  methanol  will  perhaps  dis¬ 
solve  some  non-aqueous  matter  and  the  whole  analysis  will  be 
erroneous.  For  these  reasons,  in  one  analysis  the  coal  was 
shaken  15  minutes  with  methanol,  in  another  it  was  shaken 
only  once  and  the  methanol  was  removed  immediately. 
Results  of  2.54  and  2.61  per  cent,  respectively,  were  found 
for  the  water  content  of  the  coal.  Obviously,  methanol  is  a 
fast-working  extracting  substance  for  water,  perhaps  aided 
by  its  good  wetting  qualities  (low  surface  tension).  Further¬ 


more,  it  does  not  seem  to  extract  non-aqueous  matter  from 
the  coal  to  a  measurable  degree  at  room  temperature  in  a 
short  time. 

It  is  not  accidental  that  the  longer  extraction  gives  a  slightly 
lower  value  for  the  water  content.  It  must  be  considered 
that  extraction  is  a  rather  complicated  process  wherein  the 
water  adsorbed  by  the  coal  is  gradually  displaced  by  alcohol, 
so  the  first  part  of  the  alcohol  which  gets  in  contact  with  the 
coal  extracts  more  water  than  the  last  parts.  If  the  alcohol  is 
removed  immediately,  there  is  no  time  to  reach  equilibrium 
of  adsorption,  and  the  last  part  of  the  alcohol  meets  an  almost 
water-free  coal,  so  that  more  alcohol  will  remain  adsorbed  in 
the  coal  than  after  shaking  for  a  certain  time.  Therefore, 
in  the  first  case,  the  concentration  of  the-  water  in  the  alcohol 
is  found  a  little  higher  than  in  the  second  case,  and  as  alcohol 
is  relatively  more  adsorbed  in  coal  than  is  water,  the  con¬ 
centration  is  found  too  high  in  any  case.  So  it  can  be  under¬ 
stood  why  the  extraction  method  gives  a  value  about  0.03 
per  cent  higher  on  the  average  for  the  water  content  than 
Marcusson’s  xylene  method  (2)  which  was  applied  to  the 


same  coal.  The  xylene  method  gave  for  Moshannon  Aline 
coal  a  water  content  of  2.15  per  cent.  After  drying  for 
IV2  hours  at  108°  C.  in  a  Freas  oven  the  same  coal  shows  a 
loss  of  weight  of  1.84  per  cent,  and  1.90  per  cent  on  a  dupli¬ 
cate  sample.  The  drying  was  not  carried  out  in  strict  accord¬ 
ance  with  the  A.  S.  T.  M.  method,  the  xylene  method  being 
used  for  a  strict  control. 

Coke  from  Sutcliffe  Low-Temperature  Carboni¬ 
zation  Process — This  sample  had  the  following  proximate 
analysis:  moisture  6.5,  volatile  matter  3.1,  fixed  carbon  84.6, 
ash  5.8  per  cent. 

This  must  also  be  considered  as  an  unfavorable  substance 
for  testing,  since  it  may  be  considered  as  an  adsorptive  coke. 
For  instance,  1.5  grams,  previously  dried  at  108°  C.  in  a 
Freas  oven,  increased  its  weight  by  50  mg.  in  6  hours  and  by 
130  mg.  in  23  hours  on  standing  in  a  covered  dish.  Never¬ 
theless,  the  extraction  method  gave  the  values  of  6.89  and 
6.73  per  cent  of  water  in  two  analyses,  and  the  xylene  method 
gave  6.53  per  cent.  The  different  quantities  of  methanol 
were  taken  so  that  the  final  concentration  of  water  in  the 
alcohol  was  6.293  per  cent  in  the  first  case,  and  2.257  per  cent 
in  the  second.  Here,  too,  as  with  different  length  of  time  of 
extraction,  the  first  case  gives  a  higher  value  for  water  content, 
because  the  amount  of  alcohol  adsorbed  in  the  coke  affects 
the  result  more  than  in  the  second  case  with  lower  concentra¬ 
tion.  If  the  discrepancy  had  been  due  to  dissolved  non- 
aqueous  matter,  the  effect  would  have  been  the  opposite. 


156 


ANALYTICAL  EDITION 


Vol.  1,  No.  3 


Lignite  from  Dickinson,  N.  D. — This  sample  had  the 
following  proximate  analysis:  moisture  30.9,  volatile  matter 
47.3,  fixed  carbon  13.1,  ash  8.7  per  cent. 

The  results  obtained  by  different  methods  were  as  follows: 

Per  cent 

Drying  at  108°  C.  31.8  and  30.9 

Xylene  30.5  and  30.8 

Methanol  extraction  32.5  and  30.5 

Conclusion 

The  extraction  method  shows  a  small  but  fairly  constant 
higher  value  for  the  water  content  than  that  obtained  by 
extraction  by  xylene,  this  difference  changing  only  very 
slightly  with  the  length  of  time  of  extraction,  the  amount  of 
final  water  content  of  the  methanol,  and  the  species  of  coal. 
The  values  obtained  check  one  another  at  least  as  well  as 


those  obtained  by  any  other  method.  The  essential  ad¬ 
vantages  found  in  the  new  method  are  fast  working,  easy 
cleaning  of  the  apparatus,  and  the  possibility  of  working  at 
room  temperature. 

Of  course,  before  this  new  method  could  be  considered  as  a 
substitute  for  the  A.  S.  T.  M.  method,  it  should  be  applied 
to  a  considerable  number  of  different  types  of  coal  and  other 
substances,  though  the  widely  different  species  of  coal  to 
which  it  already  has  been  applied  suggest  that  it  will  work 
in  any  case. 
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An  Improved  Air-Gas  Ratio  Apparatus1 

Crandall  Z.  Rosecrans 

Leeds  and  Northrup  Company,  Philadelphia,  Pa. 

A  gas-analysis  apparatus  of  the  thermal  conductivity 
type  is  described,  particularly  designed  for  measure¬ 
ments  of  ratios  of  air  to  fuel  gas,  where  the  fuel  gas  may 
be  of  any  composition.  The  apparatus  is  also  adaptable 
for  general  gas  laboratory  work,  where  concentrations 
of  known  gases  are  to  be  determined.  It  consists  of  a 
thermal  conductivity  cell  mounted  in  a  constant- 
temperature  block  controlled  by  a  bimetallic  thermo¬ 
stat,  and  an  improved  Wheatstone  bridge  gas-analysis 
circuit. 
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THE  apparatus  to  be  de¬ 
scribed  is  for  the  deter¬ 
mination  of  the  volume 
percentage  of  any  one  gas  or 
mixture  of  gases  in  air  or  in 
any  single  gas.  It  operates 
on  the  well-known  thermal 
conductivity  principle,  de¬ 
scribed  by  Palmer  and 
Weaver  (7),*  and  is  a  modi¬ 
fication  and  improvement  of 

the  original  Bureau  of  Standards  device.  While  the  thermal 
conductivity  method  for  gas  analysis  is  quite  widely  used,  a 
brief  description  of  the  fundamental  theory  will  be  given  here. 

Gases  differ  markedly  in  their  ability  to  conduct  heat. 
If  the  conductivity  of  air  is  taken  as  unity,  conductivities  of 
other  gases  range  from  that  of  carbon  disulfide  vapor  at 

0.284  to  that  of  hydrogen 
-r  ,  v  at  6.95.  Gaseous  mix- 
tures,  of  course,  have 
conductivities  which  de¬ 
pend  on  their  constitu¬ 
ents  and  the  relative 
amounts  of  each  con¬ 
stituent.  Now,  if  a  fine 
ware  is  supported  in  a 
tube  and  heated  by  an 
electrical  current,  practi¬ 
cally  all  of  the  heat  will 
be  lost  by  conduction 
through  the  gas.  Thus 
the  equilibrium  tempera¬ 
ture  of  the  wire  will  de- 

1  Received  April  11,  1929. 
Presented  before  the  Division 
of  Gas  and  Fuel  Chemistry  at 
the  77th  Meeting  of  the  Ameri¬ 
can  Chemical  Society,  Colum¬ 
bus,  Ohio,  April  29  to  May  3, 
1929. 

*  Italic  numbers  in  paren¬ 
thesis  refer  to  literature  cited 
at  end  of  article. 
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pend  on  the  thermal  conduc¬ 
tivity  of  the  gas.  By  mak¬ 
ing  the  wire  of  platinum,  or 
other  material  with  a  sub¬ 
stantial  temperature  coeffi¬ 
cient  of  electrical  resistance, 
it  is  possible  to  measure  the 
wire  temperature  by  electrical 
means.  Hence  the  thermal 
conductivity  of  the  gas  sur¬ 
rounding  the  wire  can  be  de¬ 
termined  in  relation  to  some  standard  gas,  such  as  air. 

Description  of  Apparatus 

A  thermal  gas-analysis  cell  is  shown  in  Figure  1.  It  con¬ 
sists  of  a  brass  block  in  which  a  3/Vinch  (0.95-cm.)  hole  is 
drilled.  Mounted  axially  in  this  hole  is  a  platinum  wire, 
0.002  inch  (0.005  mm.),  which  is  kept  stretched  by  a  small 
helical  spring  at  the  lower  end.  The  wire  is  electrically 
connected  to  the  block  at  the 
lower  end  and  is  insulated  at 
the  top  by  a  glass-platinum 
seal.  The  wire  is  heated  to  a 
temperature  between  100  °  aijd 
200°  C.  by  electrical  energy; 
substantially  all  the  heat  loss 
from  the  wire  takes  place  by 
conduction  through  the  gas. 

A  complete  gas  cell  consists 
of  two  such  tubes,  both  drilled 
in  the  same  block.  One  tube  is 
sealed  up  with  dry  air  (over 
P2O5)  as  a  standard.  The  other 
tube  has  connections  through 
which  the  unknown  gas  to  be 
analyzed  can  be  admitted. 


Figure  2 — Gas-Analysis  Circuit 
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Figure  1 — Thermal  Gas-Analysis  Cell 


The  simple  gas-analysis  circuit  in  Figure  2  illustrates  the 
method  of  measurement.  S  is  the  standard  (sealed)  wire  and 
A'  the  analyzing  wire.  A  and  B  are  resistances  of  zero  tem¬ 
perature  coefficient.  K  is  a  slide  wire  which  can  be  adjusted 
to  balance  the  Wheatstone  bridge,  the  balance  point  being 
shown  by  the  galvanometer  G.  A  4.5-volt  battery  supplies 
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energy  to  heat  the  wires.  Assuming  that  the  two  wires  S 
and  X  are  identical  in  resistance  and  in  thermal  environ¬ 
ment,  with  dry  air  contained  in  both  tubes,  a  balance  point 
will  be  obtained  at  the  mid-point  of  the  slide  wire.  Now  if 
the  air  in  the  tube  X  is  replaced  by  a  gas  of  different  thermal 
conductivity,  the  contact  on  the  slide  wire  K  must  be  moved 

to  a  different  point  to 
rebalance  the  bridge. 
Thus  readings  on  the 
scale  attached  to  the 
slide  wire  K,  after 
proper  calibration, 
would  be  functions  of 
the  gas  conductivity, 
and  hence  of  the  con¬ 
centrations  of  the  un¬ 
known  gas. 

Since  the  thermal 
conductivities  of  vari¬ 
ous  gases  change  at 
different  rates  with 
temperature,  it  is  neces¬ 
sary  to  maintain  the 
gas-analvsis  cell  at  con- 
stant  temperature, 
within  limits  fixed  by 
the  accuracy  of  meas¬ 
urement  desired.  This 
particular  apparatus 
embodies  a  small  bime¬ 
tallic  strip  thermostat, 
combined  with  an  elec¬ 
trical  heater.  These  two 
devices,  together  with 
the  thermal  gas  cell,  are  contained  in  a  single  heavy  block 
of  metal  which,  by  the  action  of  the  thermostat,  is  kept  at  35° 
±  0.4  °  C.  Figure  3  shows  the  construction  of  the  thermostatic 
block,  adapted  from  a  design  of  the  Bureau  of  Standards. 

Figure  4  shows  the  completed  apparatus,  while  Figure  5 
gives  the  circuit  diagram.  The  large  cylindrical  hood  carries 
the  slide  wire  contact,  and  also  a  scale  of  1000  divisions,  each 
of  0.216  inch  (0.55  cm.).  The  cell,  in  its  thermostatic  block, 
is  mounted  on  the  upright  panel  at  the  rear  of  the  instrument. 
The  panel  also  carries  a  milliammeter  and  rheostat  for  ad¬ 
justing  the  bridge  current  to  the  desired  value.  A  small 
pilot  lamp,  observed  through  a  hole  in  the  panel,  is  in  series 
with  the  thermostat,  and  by  its  switching  on  and  off  calls 
attention  to  the  proper  operation  of  the  thermostat.  The 
temperature  at  which  the  thermostat  controls  may  be  set 
by  the  knurled  screw  on  the  front  of  the  block.  Ordinarily 
the  temperature  is  maintained  5°  or  10°  C.  above  room 
temperature. 


Figure  3 — Thermostatic  Block 


The  resistance  E,  normally  0.1  to  0.3  ohm,  is  a  so-called 
current  compensating  coil  (2),  and  is  intended  to  make  the  two 
wires  electrically  identical  for  all  temperatures.  It  is  de¬ 
termined  by  experiment,  and  may  be  connected  in  series 
with  either  cell  wire.  By  the  use  of  this  compensating  re¬ 
sistance  the  bridge  current  may  be  varied  over  a  wide  range 
(150  to  300  milliamperes)  without  changing  the  balance  point 
of  the  slide  wire  K,  if  dry  air  is  contained  in  both  cell  tubes. 
It  is,  of  course,  possible  to  dispense  with  this  compensating 
coil,  but  its  use  simplifies  the  operation  of  the  instrument. 

Inasmuch  as  industrial  gases  differ  greatly  in  thermal  con¬ 
ductivity,  a  set  of  shunts,  c,  d,  and  e,  is  provided  for  the 
slide  wire  K.  By  setting  the  proper  shunt  on  the  slide  wire 
with  a  movable  plug,  the  range  of  the  instrument  can  be 
varied  over  wide  limits.  Further  variation  is  possible  by 
changing  the  bridge  current  within  the  limits  of  150  and  300 


milliamperes.  The  lower  the  value  of  the  shunt  resistance 
and  the  higher  the  bridge  current,  the  higher  the  sensitivity 
will  be. 

Any  galvanometer  may  be  used  which  will  be  properly 
damped  on  the  circuit.  The  one  usually  employed  is  a 
box-type  reflecting  instrument  with  a  sensitivity  of  25  micro¬ 
volts  per  1-mm.  scale  division,  and  an  external  critical  damp¬ 
ing  resistance  of  80  ohms.  Naturally,  if  higher  sensitivities 
are  required  a  more  sensitive  galvanometer  should  be  chosen. 


Measurement  of  Air-Gas  Ratios 


This  instrument  was 
first  designed  to  deter¬ 
mine  the  percentage  of 
illuminating  gas  in  air, 
for  experimental  work 
on  gas  heating  devices. 

A  sample  of  the  un¬ 
burned  gas-air  mixture 
is  withdrawn  from  the 
burner  just  after  the 
mixing  device,  and  is 
passed  into  the  cell  X, 
through  a  calcium 
chloride  drying  tower. 

When  sufficient  gas 
mixture  has  been  passed 
through  to  sweep  out 
the  tubes,  the  flow  is 
stopped  and  the  bridge 
is  balanced.  This  gives  the  reading  Kx  on  the  slide  wire. 
Then  dry  air  is  passed  through  the  cell  tube  and  a  read¬ 
ing  K0  is  obtained.  Finally,  pure  fuel  gas  (illuminating  gas 
in  this  case)  is  passed  through,  and  the  reading  Ki  is  ob¬ 
tained. 

Figure  6  shows  a  curve  (1)  of  fuel  gas  concentration,  in  air, 
versus  slide  wire  readings  K.  The  curve  is  a  calibration 
curve  for  the  apparatus,  and  has  been  previously  determined 
by  passing  known  mixtures  of  fuel  gas  and  air  through  the 
cell  tube  X  and  taking  the  slide  wire  readings.  The  value  at 


Figure  4 — Complete  Air-Gas  Ratio 
Apparatus 


HO  v.  AC  or  DC 


Figure  5 — Circuit  Diagram 


100  per  cent  fuel  gas  is  the  important  point.  Such  curves 
ordinarily  will  be  straight  lines  or,  if  not  straight,  the  curva¬ 
ture  will  be  slight. 

Now,  having  the  slide  wire  reading  Kx  for  the  unknown 
mixture,  reference  to  the  curve  (1),  will  give  the  percentage  of 
fuel  gas  in  the  air  directly,  or  if  desired  the  air-gas  ratio. 
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Several  such  calibration  curves  are  taken  for  different  fuel 
gases,  as  shown  by  curves  (2),  (3),  (4),  and  (5).  Then  if  it  is 
desired  to  determine  the  percentage  of  any  fuel  gas  in  air, 
the  proper  curve  is  selected  by  the  determination  of  K\  for 
pure  fuel  gas,  as  above.  Then  Kx  is  determined  for  the  un¬ 
known  mixture,  and 
by  reference  to  the 
proper  curve  the  un¬ 
known  air-gas  ratio, 
or  percentage  of  fuel 
gas,  is  at  once  found. 
For  any  one  general 
type  of  fuel  gas,  a 
family  of  curves  can 
be  drawn  by  taking 
only  a  few  measure¬ 
ments  with  known 
gas-air  mixtures. 
Thus  this  family  of 
curves  can  be  used 
as  above,  the  exact 
values  of  the  un¬ 
known  air-gas  ratio 
being  determined  by  graphical  interpolations  between  two 
adjacent  curves  if  necessary. 


Precision  of  Apparatus 

No  definite  statement  can  be  made  of  the  accuracy  of  the 
apparatus,  since  the  composition  of  the  gases  analyzed  varies 
over  vide  limits,  and  all  errors  vary  with  the  gas  composition. 
However,  the  accuracy  is  of  the  order  of  ±0.2  per  cent  of 
gas,  on  the  gas-air  scale.  The  precision,  of  course,  varies 
with  the  type  of  galvanometer  used,  as  well  as  with  bridge 
current  and  slide-wire  shunt  employed.  In  general  the  pre¬ 
cision  is  ±0.1  per  cent  of  gas,  on  the  gas-air  scale. 

Other  Uses  for  Apparatus 

The  apparatus  is  not  confined  to  measurements  of  fuel-air 
ratios,  but  can  be  adapted  for  many  laboratory  and  industrial 
applications  in  which  a  compact  apparatus  is  desired.  It  can 
be  calibrated  for  a  wide  variety  of  gaseous  mixtures  and 
used  in  numerous  research  problems  and  in  tests  of  various 
equipments.  It  has  all  the  advantages  of  the  thermal  con¬ 
ductivity  apparatus— speed  of  operation,  freedom  from  ab¬ 
sorbing  chemicals,  high  accuracy,  and  instant  adaptability 
to  various  problems  of  analysis. 
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A  New  Plastometer 

E.  Karrer 

The  B.  F.  Goodrich  Company,  Akron,  Ohio 


At  THE  Swampscott  meeting  of  the  American  Chemi¬ 
cal  Society  an  analysis  was  given  of  the  meaning 
of  plasticity  when  this  term  names  a  property  of 
solids  that  concerns  the  molding  of  plastics  such  as  rubber.2 
A  function  for  plasticity  was  deduced  with  some  suggestions 
on  the  adoption  of  a  C.  G.  S.  unit  of  plasticity.  Also,  a  e- 
sign  of  a  plastometer,  based  upon  this  analysis,  was  outlined. 
It  is  the  purpose  of  this  paper  to  give  a  full  description  ol 
such  a  plastometer. 

Original  Plastometer 

A  detailed  drawing  of  the  instrument  as  first  conceived  in 
February,  1927,  is  given  in  Figure  1.  The  rubber  sample, 
1,  in  the  form  of  a  cylinder  1  cm.  long,  1  sq.  cm.  cross  section, 
is  held  between  two  vertical  round  rods,  A  and  B,  which  will 
be  designated  as  upper  and  lower  plungers.  These  plungers 
consist  of  contacting  end  caps,  15,  20,  of  steel  mounted  upon 
porcelain  tubes,  19,  which  in  turn  are  cemented  into  sockets 
16,  21.  The  lower  socket,  21,  slides  through  a  bushing,  22. 
Its  nether  end  is  cut  obliquely,  and  by  means  of  a  spring  is 
pressed  into  contact  with  the  surface  of  a  cylindrical  wedge, 
23  movable  in  and  out  by  means  of  a  drum  nut,  25,  fitted 
to ’the  threaded  end,  24,  of  the  wedge.  The  height  of  the 
sample  may  be  read  to  0.001  inch  off  the  scale  on  the  drum 
nut  25.  The  upper  socket,  16,  slides  in  a  tube,  17,  and  has 
a  bearing  shoulder  for  the  spring,  9,  called  the  force  spring. 
The  upper  plunger,  together  with  other  parts  bearing  upon 
it  from  above,  is  carried  by  a  fight  spring,  27. 

Toggle  joint  8  is  actuated  by  a  power  spring,  10,  that  is 
restrained  in  a  tube  and  exerts  directly  against  the  head,  13, 

I  Received  June  18,  1929.  .  .  . 

2  This  analysis  and  some  preliminary  data  obtained  with  this  inst 

ment  will  appear  in  the  August  issue. 


‘  a  double  compression  rod,  12.  This  power  spring  is  com- 
ressed  or  charged  by  the  levers,  11,  and  may  be  released 
y  a  slight  motion  of  a  latch  2.  When  such  release  of  the 
ower  spring  takes  place,  the  piston,  13,  pushes  the  toggle 
•om  the  flexed  to,  and  through,  the  vertical  position  and 
epresses  the  piston,  18,  a  constant  amount,  and  compresses 
ae  force  spring,  9,  to  an  extent  depending  upon  the  hardness 
f  the  sample.  The  amount  of  compression  of  the  force 
pring  and  sample  is  indicated  by  the  gage  hand,  6,  wmc 
arries  a  friction  hand,  14,  to  its  maximum  position.  I  he 
iosition  of  the  friction  hand  may  be  read  later  to  obtain 
he  extent  to  which  the  sample  has  been  compressed  and  with 
diat  force  this  has  been  brought  about.  The  gage  has 
onnection  with  the  sample  by  means  of  an  extension  rod, 
of  glass  or  invar.  The  gage  in  the  present  apparatus  was 
specially  constructed  to  fit  the  situation.  Its  essential 
.arts  were  the  gears,  7,  of  a  small  pressure  gage.  To  control 
he  time  of  one  stroke — that  is,  of  the  time  during  w  ic  i  e 
impression  is  applied-the  power  spring,  10,  was  caused 
o  expand  against  the  dampening  resistance  offered  by  an 
.rdinary  Yale  door  check,  3.  This  interval  turned  out  to 
.e  about  0.6  rather  than  1  second  as  intended 
The  procedure  is  as  follows:  A  sample  with  a  plate,  5, 
aid  upon  it,  is  inserted  between  the  plungers.  The  wedge 
scale  reading  indicating  the  height  is  recorded;  the  latch 
ever,  2,  is  pushed  to  release  the  power  spring,  10,  which 
iad  been  compressed  before  the  sample  was  inserted,  lhe 
resulting  downward  motion  of  the  upper  plunger  depends 
upon  the  softness  of  the  sample,  and  is  readable  from  the 
position  of  the  friction  hand,  14.  The  stop  watch  is  started 
the  moment  the  motion  of  the  friction  hand  ceases,  lhe 
traveling  hand,  6,  is  observed  in  its  motion  backwards  and 
its  position  read  after  5  seconds.  From  the  three  scale  read- 
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ings  thus  recorded  the  plasticity  may  be  reckoned.  The  dial 
reading  of  the  maximum  hand  gives  directly  the  amount 
of  compression,  h  —  hi,  where  h  is  the  original  height,  hi  the 
height  under  maximum  compression.  Next,  the  force,  F, 
that  has  been  exerted  to  accomplish  the  compression  is  also 
obtained  by  subtracting  the  dial  reading  given  by  the  fric¬ 
tion  hand  from  the  dial  reading  which  indicates  a  perfectly 
soft  body — that  is,  the  reading  which  indicates  that  the  com¬ 
pression  spring  has  experienced  no  resistance  from  the  sample 
and  was  free  to  follow  to  the  extreme  downward  position 
demanded  by  the  toggle.  The  amount  of  the  compression, 
which  is  retained  at  the  end  of  5  seconds,  is  h  —  h2,  where  h2 
is  the  height  5  seconds  after  compression. 

In  accordance  with  the  definition  that  has  been  given  in 
the  analysis,  plasticity  is  the  product  of  a  softness  function 
and  a  property  termed  retentivity.  It  may  be  expressed  as 
follows: 


P  =  K  X  softness  X  retentivity 


=  K  X 


h  —  hi 

~hF~ 


X 


h  —  h2 

h  —  hi 


=  K 


h  —  h-i 

IT 


where  K  is  a  constant  depending  upon  the  units  and  ap¬ 
paratus.  In  calculating  the  absolute  values  from  the  read¬ 
ings  of  this  instrument,  the  average  value  of  force,  F,  is  used. 


Automatic  Plastometer 


The  plastometer  that  has  just  been  described  has  been 
modified  in  certain  respects  to  eliminate  the  personal  element 
to  a  great  extent  and  to  make  the  control  of  the  time  interval 
more  positive.  It  was  origujally  intended  to  make  this 
instrument  entirely  automatic  and  autographic.  The  auto¬ 
graphic  feature  has  been  eliminated  from  considerations  of 
practicality.  A  gage  has  been  substituted,  whose  reading, 
however,  has  been  made  much  simpler  as  will  be  seen  below. 


Figures  2,  3,  and  4  depict  in  sectional,  front,  and  top  views 
the  instrument  with  these  changes.  The  toggle  joint,  1, 
is  operated  through  the  scotch  yoke  and  eccentric,  2,  by 
means  of  a  sawtoothed  clutch,  3,  and  a  system  of  gears,  4, 
5,  6,  and  a  synchronous  motor,  7.  The  gearing  is  such  that 
the  toggle,  1,  will  go  through  one-half  cycle  of  operation — 
that  is,  from  the  extreme  left  to  the  extreme  right  positions 
in  1  second.  It  is  positively  driven  in  both  its  to  and  fro 
motions  so  that  it  does  not,  as  in  the  previous  instrument, 
release  the  force  spring,  8,  suddenly.  The  gage,  9,  is,  as  in 
the  previous  instrument,  furnished  with  a  friction  hand,  10, 
which  retains  the  maximum  position  to  which  the  indicating 
hand  moves.  The  indicating  hand  may  be  read  at  any  time 
after  the  maximum  compression  has  been  accomplished. 
To  facilitate  this,  a  light  signal  is  provided  by  means  of  lamps, 
11.  This  signal,  flashing  every  second,  is  distinctly  visible 
while  the  indicating  hand  is  being  followed  in  its  motion 
backwards.  The  making  and  breaking  of  the  signal  circuit 
are  accomplished  by  the  use  of  Ford  induction  coil  contacts, 
14,  and  a  hard-rubber  cam,  12,  whose  shaft  is  geared,  13, 
to  that  of  the  scotch  yoke.  The  engaging  and  disengaging 
at  the  clutch,  3,  depends  upon  the  lever,  17,  which  when  de¬ 
pressed  raises  a  pin  out  of  its  groove  in  a  sleeve,  22,  and 
allows  the  driven  half  of  the  clutch  to  slide  into  engagement 
with  the  driving  half.  As  long  as  there  is  engagement  the 
timing  shaft  will  be  rotated  by  means  of  the  gears,  13.  The 
yoke  shaft  may  or  may  not  be  rotated  depending  upon 
whether  or  not  the  sleeve,  15,  is  allowed  to  slide  into  engage¬ 
ment  with  the  end  of  the  clutch  sleeve  just  mentioned.  When 
the  lever  16  is  depressed,  such  sliding  of  this  sleeve  will  take 
place.  When  the  levers,  16  and  17,  are  depressed  momen¬ 
tarily,  the  scotch  yoke  shaft  will  make  one-half  revolution 
while  the  signal  shaft,  18,  will  make  one  complete  revolution 
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By  prolonged  depression  of  the  levers,  16  and  17,  any  number 
of  revolutions  may  be  allowed — that  is,  any  number  of  the 
to-and-fro  motions  of  the  toggle,  any  number  of  compres¬ 
sions,  and  any  number  of  light  signals  may  take  place.  By 
momentary  depression  .of  the  yoke-sleeve  lever,  16,  and  pro¬ 
longed  depression  of  the  clutch-sleeve  lever,  17,  only  one 
motion  of  the  toggle  is  allowed,  but  any  number  of  revolu¬ 


tions  of  the  signal  shaft  may  take  place.  This  means  that 
a  sample  may  be  compressed  for  1  second  and  its  recover}' 
observed  after  one  or  any  whole  number  of  seconds.  The 
gage,  9,  is  of  a  special  design.  Its  stem,  as  well  as  other  parts, 
is  hollow.  It  has  only  a  small  hair-spring  to  take  up  lost 
motion.  This  makes  for  extreme  lightness  and  a  small  load 
upon  the  sample.  The  dial  of  this  gage  is  graduated  to  0.001 
inch;  the  extreme  travel  of  the  stem  is  0.5  inch.  To  lift 
gage  extension  rod,  4,  off  the  sample,  the  eccentric  wheel, 
28,  bearing  against  a  lifting  rod,  29,  is  provided. 

To  control  the  temperature  of  the  sample,  19,  the  upper 
and  lower  plunger,  20,  21,  are  surrounded  by  an  oven,  23, 
equipped  with  thermometer,  24,  and  thermostat,  25.  The 
samples  are  inserted  and  removed  through  a  small  door. 
Illumination  within  the  furnace  is  provided  for  by  a  small 
lamp,  26,  above  the  small  door.  27,  and  attached  to  the  large 
door. 

Only  stocks  that  do  not  recover  completely  in  1  second  may 
be  studied  with  this  instrument. 


A  Modified  Pauly  Receiver1 

J.  B.  Brown 

Department  of  Physiological  Chemistry,  Ohio  State  University, 

Columbus,  Ohio 

A  modified  Pauly  receiver  for  use  in  fractional  vacuum 
distillation  is  shown  in  the  accompanying  photograph. 
The  receiver  is  constructed  from  a  standard  250-cc.  Pyrex 
suction  flask.  In  the  base  of  the  flask  are  blown  six  depres¬ 
sions  about  20  mm.  in  di¬ 
ameter.  To  each  of  these  is 
sealed  a  piece  of  12-mm. 

Pyrex  glass  tubing  with  2- 
mm.  walls.  Each  of  these  legs 
is  120  mm.  long  and  slopes 
outward  on  a  line  parallel  to 
the  side  walls  of  the  flask. 

This  arrangement  makes  pos¬ 
sible  the  use  of  a  500-cc.  re¬ 
ceiving  flask  on  each  leg. 

The  adapter  is  made  from 
ordinary  glass,  the  lower  end 
being  at  least  8  mm.  outside 
diameter,  in  order  to  cut  down 
bubble  formation  and  spatter¬ 
ing  into  more  than  one  de¬ 
pression  at  the  bottom  of  the 
flask. 

A  similar  receiver  with 
eight  legs  may  be  made  from 
a  500-cc.  Pyrex  suction  flask. 

The  receiver  works  much 
more  successfully  in  the  laboratory  than  any  Pauly  receiver 
that  the  writer  has  been  able  to  obtain  on  the  market. 

The  glass  blowing  on  the  apparatus  illustrated  was  done  by 
R.  B.  Leonard,  of  the  Department  of  Chemistry. 

1  Received  April  6,  1929. 


Dutch  Scientist  Aids  in  Defining  Atomic  Spectra — The  Bureau 
of  Standards,  with  the  assistance  of  T.  L.  de  Bruin,  of  the  Uni¬ 
versity  of  Amsterdam,  who  has  completed  his  work  in  the  De¬ 
partment  of  Commerce,  has  established  a  record  in  scientific 
research  by  defining  and  explaining  no  less  than  six  different 
spectra  in  a  period  of  ten  months.  These  include  the  halogens- — 
chlorine,  bromine,  and  iodine — the  heavy  rare  gases — krypton 
and  xenon,  and  the  more  familiar  but  deadly  metal,  arsenic. 
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Biochemical  Oxygen  Demand  of  Certain  Substances1 

G.  E.  Symons  with  A.  M.  Buswell 

State  Water  Survey  Division,  Urbana,  III. 


THE  biochemical  oxygen  demand  test  offers  one  of  the 
most  accurate  methods  of  determining  relative 
strengths  of  sewage,  effluents  and  trade  wastes.  It 
is  also  invaluable  as  a  criterion  of  pollution  in  streams.  Of 
the  methods  available  for  this  determination  the  dilution 
method  is  at  present  standard  procedure.  It  is  cumbersome 
and  has  its  limitations,  most  notably  that  the  information 
obtained  is  delayed  for  a  period  of  days. 

It  has  been  suggested  that,  with  the  newer  improvements 
in  combustion  apparatus  such  as  are  used  in  the  steel  industry, 
the  constituents  of  a  sewage  or  sludge  could  be  determined  by 
combustion  and  the  oxygen  demand  calculated  stoichio- 
metrically  from  the  composition.  One  difficulty  probably  to 
be  met  in  this  method  would  be  the  low  concentrations.  Ob¬ 
viously,  however,  the  point  of  attack  on  this  problem  lies  in 
a  comparison  of  the  calculated  oxygen  demand  with  the  de¬ 
termined  biochemical  oxygen  demand  of  pure  substances. 
If  these  two  bear  any  definite  relation  to  each  other,  then  the 
possibilities  of  the  combustion  method  are  worth  further  in¬ 
vestigation.  With  this  point  in  view  the  experiments  re¬ 
ported  here  were  undertaken. 

Methods  Used 


parison  of  the  dissolved  oxygen  with  the  original  blank. 
These  values  were  plotted  .and  curves  drawn  through  the 
points.  By  subtracting  the  curve  for  the  oxygen  demand  of 
the  control  from  the  curve  for  the  oxygen  demand  of  the 
control  plus  the  pure  substance,  the  curve  representing  the 
oxygen  demand  of  the  pure  substance  was  obtained. 

The  difficulty  of  this  procedure  appears  between  the  fifth 
and  seventeenth  day,  in  which  period  nitrification  proceeds 
in  the  control  series  but  not  in  the  other  series.  This  is  to  be 
expected  according  to  the  two-stage  theory  of  oxidation,  that 
nitrification  begins  when  carbonaceous  material  has  all  been 
fermented.  Obviously  there  is  less  carbonaceous  material 
in  the  control  series,  so  that  the  reactions  would  not  be  ex¬ 
pected  to  follow  the  same  course  during  this  period.  How¬ 
ever,  after  nitrification  begins  in  the  series  containing  the 
pure  substance,  the  procedure  for  determining  the  oxygen 
demand  of  the  pure  substance  becomes  applicable,  and  values 
obtained  at  the  end  of  the  determination  can  be  said  to  repre¬ 
sent  the  biochemical  oxygen  demand  of  the  pure  substance. 
Urea,  which  undergoes  only  nitrification,  does  not  suffer  from 
this  difficulty,  for  nitrification  begins  at  the  same  time  as  it 
does  in  the  control  series;  hence  the  reactions  follow  the  same 
course. 


In  the  study  of  pure  substances  the  dilution  method  for 
determining  biochemical  oxygen  demand  and  the  Rideal- 
Steward  modification  of  the  Winkler  method  for  the  deter¬ 
mination  of  dissolved  oxygen  were  used  essentially  as  outlined 
in  Standard  Methods  for  Water  Analysis (3).*  The  newer  im¬ 
provements  in  these  determinations  as  reported  by  Theriault 
(4)  and  Mohlman,  Edwards,  and  Swope  (2)  were  embodied  in 
the  procedures  except  in  regard  to  seals  and  dilution  water, 
when  the  suggestions  of  Greenfield,  Elder,  and  McMurray(f) 
were  followed. 

The  oxygen  demand  of  the  following  substances  was  stud¬ 
ied:  lactose,  starch,  cellulose  (filter  paper,  Whatman  No.  1), 
sodium  palmitate,  peptone,  and  urea.  With  the  exception  of 
the  peptone,  the  theoretical  oxygen  demand  was  calculated 
from  the  equation  for  complete  oxidation  of  the  substances. 
The  oxygen  demand  of  the  peptone  (Bacto-peptone,  Difco 
Brand)  was  calculated  from  its  analysis  as  furnished  by  the 
Digestive  Ferments  Company  of  Detroit,  Mich. 

The  control  method  of  analysis  was  used;  i.  e.,  the  pure 
substances  were  added  to  a  synthetic  dilution  water  contain¬ 
ing  a  certain  percentage  of  filtered  sewage.  This  oxygen 
demand  of  sewage  was  calculated  from  the  oxygen  consumed 
value  (by  potassium  permanganate)  to  require  1  mg.  of  oxygen 
per  liter  (8). 


Experimental 

Amounts  of  the  pure  substance  were  added  that  were  cal¬ 
culated  to  demand  4  mg.  of  oxygen  per  liter.  A  series  of 
bottles  of  the  control  was  incubated  at  20°  C.  and  series  of 
bottles  filled  with  the  control  plus  the  pure  substance  were 
incubated  at  the  same  temperature.  Dissolved  oxygen  de¬ 
terminations  were  made  at  different  times  during  a  30-day 
period.  The  oxygen  demand  of  the  control  and  that  of  the 
control  plus  the  pure  substance  were  determined  by  com- 

1  Received  February  18,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


Pays 


If  the  points  obtained  for  the  oxygen  demand  of  the  sub¬ 
stance  during  this  period  of  nitrification  in  the  control  are 
neglected,  and  a  curve  is  drawn  through  the  values  obtained 
in  the  first  5  and  last  13  days,  the  curve  is  found  to  fit  the 
equation 

Log  L  _  x  =  Kt 

where  L  =  total  biochemical  oxygen  demand  determined,  not 
calculated 

.Y  =  biochemical  oxygen  demand  for  t  days 
K  =  a  constantfor  a  given  temperature,  T  (0.1  at  20°  C.)(4) 

Results 

Peptone  shows  two-stage  oxidation,  the  first  of  which  fits 
the  above  equation.  Urea  does  not  give  a  curve  which  fits 
this  equation,  but  appears  as  the  second-stage  oxidation 
curve  of  ordinary  sewage. 

Figure  1  shows  the  oxygen  demand  of  the  pure  substances, 
starch,  sodium  palmitate,  and  urea,  as  determined  by  the 
procedure  discussed  above. 

An  inspection  of  the  data  in  Table  I  shows  that  up  to  30 
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days  the  total  biochemical  oxygen  demand  for  carbonaceous 
substances  is  not  equal  to  the  theoretical  oxygen  demand  of 
the  substance.  Urea,  however,  shows  complete  oxidation. 


Table  I — Comparison  of  Biochemical  Oxygen  Demand  with  Theoreti¬ 
cal  Oxygen  Demand  of  Pure  Substances 


Substance 

Per  Cent  of  Theoretical  Oxygen 

Demand  in  30  Days 

Average 

Lactose 

82.5,  69.0,  80.5,  67.5 

75.0 

Starch 

Cellulose  (filter  paper 
Whatman  No.  1) 

87.5,  78.7 

83.0 

78.0,  69.0 

71.0 

Sodium^p&lmitate 

75.0,  81.0 

78.0 

Peptone 

82.5 

Urea 

100.0 

Sodium  oleate  (20  days)a 

76.0 

a  Unpublished  data  of  E.  L.  Pearson,  of  this  laboratory. 

Conclusions 

1 — The  biochemical  oxygen  demand  of  carbonaceous  sub¬ 
stances  in  30  days  is  equivalent  to  from  70  to  85  per  cent 


of  the  theoretical  oxygen  demand  depending  on  the  sub¬ 
stance.  , 

2 —  -The  biochemical  oxygen  demand  of  urea  in  20  days  is 
equivalent  to  the  calculated  theoretical  oxygen  demand. 

3 —  The  rate  of  deoxygenation  of  a  sample  containing  any 
of  the  carbon  compounds  studied  follows  the  equation  of  a 
first-order  reaction. 

4 —  Compounds  containing  both  carbon  and  nitrogen  show 
two-stage  oxidation,  the  first  of  which  fits  the  above  equation. 
Urea,  showing  no  carbon  oxidation,  gives  a  curve  which  ap¬ 
pears  as  the  second-stage  oxidation  curve. 
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Note  on  the  Recovery  of 
Platinum1 

G.  J.  Hough 

Bureau  of  Chemistry  and  Soils,  Washington,  D.  C. 

rPHE  following  method  for  the  recovery  of  platinum  and  al- 
cohol  from  the  filtrates  and  residues  obtained  in  methods 
involving  the  use  of  platinic  chloride  for  the  determination  of 
potassium  has  been  in  use  in  the  soils  laboratories  for  several 
years  and  has  proved  very  convenient  and  satisfactory. 

In  order  to  recover  the  platinum  and  alcohol  in  the  filtrates, 
obtained  from  washing  the  chloroplatinates,  about  1  gram  of 
ammonium  chloride  crystals  is  added  to  each  300  cc.  of  fil¬ 
trate,  the  mixture  stirred  well,  allowed  to  stand  until  clear,  and 
filtered. 

If  the  80  per  cent  alcoholic  solution  with  the  platinum  were 
allowed  to  stand  before  the  addition  of  ammonium  chloride, 
a  slow  reaction  with  the  formation  of  platinum  black  and 
acetone  would  occur  and  render  the  alcohol  unfit  for  use  and 
difficult  to  purify.  Hence,  precipitation  should  be  made  at 
once  after  filtering.  The  alcoholic  solution  may  be  allowed 
to  accumulate  until  a  suitable  quantity  for  rectification  is 
obtained.  If  it  is  distilled  to  one-fourth  of  its  original  volume, 
the  distillate  will  consist  of  83  to  85  per  cent  alcohol  suitable 
for  re-use. 

The  ammonium  platinic  chloride  obtained  above,  together 
with  the  chloroplatinate  residues  from  the  potassium  deter¬ 
minations,  is  dissolved  in  hot  water,  and  a  few  cubic  centi¬ 
meters  of  hydrochloric  acid  (1:2)  are  added.  The  solution  is 
heated  nearly  to  boiling,  and  magnesium  powder  is  added 
gradually  until  a  slight  excess  is  present.  After  the  platinum 
salt  has  been  completely  decomposed,  concentrated  hydro¬ 
chloric  acid  is  added  slowly  to  dissolve  the  excess  magnesium, 
the  solution  is  boiled  several  minutes,  and  the  platinum  black 
filtered  off  and  washed  well. 

The  recovered  platinum  is  transferred  to  a  porcelain  dish, 
dissolved  in  aqua  regia,  and  evaporated  to  a  thick  paste.  The 
paste  is  treated  three  times  with  hydrochloric  acid  and  evapo¬ 
rated  nearly  dry  after  each  addition  of  acid;  finally,  it  is  taken 
up  with  hot  water  and  a  few  drops  of  hydrochloric  acid,  fil¬ 
tered,  and  made  up  to  the  volume  employed  in  making  deter¬ 
minations. 

Experience  has  shown  that  the  loss  of  platinum  by  this 
method  of  recovery  is  very  small.  A  solution  of  platinic 
chloride  after  two  years’  use,  involving  more  than  two  hundred 


determinations  and  seven  to  eight  recovery  treatments,  was 
found  to  have  lost  only  200  mg.  of  platinum.  Consequently, 
the  loss  of  platinum  in  each  determination  was  less  than  one- 
fourth  of  a  cent. 


Simple  Graduated  Wash  Bottles1 

Earle  R.  Caley 

Princeton  University,  Princeton,  N.  J. 

T  N  analytical  investigations  it  is  sometimes  desirable  to  know 
the  amount  of  fluid  employed  in  washing  precipitates. 
Tins  is,  indeed,  necessary  where  a  given  precipitate  exhibits 
a  slight  solubility  in  the  washing  medium  used.  In  such  cases 
a  fairly  accurate  measure  of  the  amount  of  wash  liquid  used 
must  be  made  in  order  to  apply  the  necessary  correction  for 
the  slight  amount  of  precipitate  lost  in  the  washing  operation. 

Two  simple  forms  of  graduated  wash  bottles,  which  the 
writer  has  found  to  be  serviceable  for  this  purpose,  are  shown 
in  the  illustration.  The  one,  constructed  from  a  suitable-sized 
graduate,  is  most  convenient  in  those  cases  where  a  cold  wash¬ 
ing  fluid  is  employed;  while  the  other,  constructed  from  a 
large  test  tube  which  has  been  calibrated  and  etched,  is 
necessary  where  a  hot  washing  medium  must  be  used.  In  the 
latter  case  a  turned  wooden  base  is  provided  in  order  to  main¬ 
tain  the  apparatus  upright  on  the  working  table. 


1  Received  February  27,  1929.  r 
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Determination  of  Iron  Oxides  in  Acid  Steel  Furnace 

Slags' 

Revised  Methods 

George  T.  Dougherty 

American  Steed  Foundries,  Chicago,  Ile. 


THE  recent  appearance  of  two  papers  on  the  determina¬ 
tion  of  ferrous  iron  in  silicate  rocks  (2,  3 )*  has  led  the 
writer  to  believe  that  his  revised  method  for  iron  oxides 
in  acid  slags  from  open-hearth  and  electric  steel  furnaces,  origi¬ 
nally  published  in  1921  (1 )  may  be  of  interest  to  many  chemists 
having  to  deal  with  this  or  other  kinds  of  silicates.  Since  the 
publication  of  the  earlier  paper  several  important  details  have 
been  changed  which  increase  the  convenience  of  manipulation 
and  the  accuracy  of  the  results.  These  open-hearth  slags  run 
27  to  37  per  cent  of  FeO,  much  higher  than  in  any  of  the 
minerals  enumerated  by  the  authors  of  the  papers  mentioned 
above,  and  are  largely  refractory  to  ordinary  acids  without 
hydrofluoric  acid  added.  Acid  electric  furnace  slags  may  con¬ 
tain  from  9  to  32  per  cent  of  FeO.  The  lead  test  tube  de¬ 
scribed  below  is  inexpensive  and  is  easily  made  to  order  in 
any  non-ferrous  foundry,  in  batches  of  four  or  more. 

Method  for  Ferrous  Oxide 

Start  a  carbon  dioxide  generator  in  vigorous  operation  to 
drive  air  out  of  the  generating  flask  connecting  with  a  wash 
bottle.  Heat  a  10-  to  15-cm.  (4-  to  6-inch)  sand  bath  rather 
strongly  with  a  Bunsen  flame.  The  writer  employs  a  lead 
test  tube  10  or  11  cm.  (4  or  4V2  inches)  high,  2.5  cm.  (1  inch) 
inside  diameter,  walls  3  mm.  (Vs  inch),  capacity  50  to  60  cc. 
Weigh  into  the  lead  tube  0.5  gram  of  a  100-  or  200-mesh 
sample,  from  which  any  particles  of  metallic  iron  have  pre¬ 
viously  been  removed  with  a  magnet.  Add  5  cc.  of  cold 
boiled  distilled  water,  and  shake  a  little.  Support  the  lead 
tube  (in  the  sand  bath)  by  a  “buret”  clamp  fastened  to  the 
vertical  rod  on  an  iron  retort  stand,  and  cover  the  tube 
with  a  two-hole  No.  5  or  5V2  rubber  stopper.  Leave  one  of 
the  holes  open  for  a  vent,  and  connect  the  other  hole  with  the 
carbon  dioxide  generator  in  operation  through  a  bent  glass 
tubing.  If  glass  tubing  is  used,  it  must  be  not  less  than  9 
mm.  (3/8  inch)  bore  to  avoid  a  possible  clogging  at  the  outlet 
with  silicon  fluoride.  A  lead  tubing,  if  obtainable,  is  much 
better,  for  it  will  not  clog  or  wear  thin  and  crack  as  a  glass 
tubing  does  in  time.  Heat  enough  to  make  steam  come  out 
in  plenty  and  not  lazily.  Disconnect  the  stopper  and  pour 
in  10  cc.  of  1:1  sulfuric  acid  from  a  glass  beaker  or  graduate 
and  then  5  cc.  of  48  per  cent  hydrofluoric  acid  from  a  25-cc. 
lipped  Bakelite  graduate.  Stopper  again  and  continue  to 
run  in  carbon  dioxide  gas  but  at  a  reduced  rate.  Heat  for 
20  minutes  at  a  little  lower  temperature  than  before.  Avoid 
a  boiling  over  or  too  rapid  evaporation  by  judiciously  moving 
the  flame  farther  from  the  center  of  the  sand  bath. 

The  sample  should  be  fully  decomposed  in  20  minutes. 
Transfer  the  hot  lead  tube  with  the  stopper  on  and  lean  it 
slightly  on  the  edge  of  a  sheet  copper  box  nearly  full  of  cold 
hydrant  water,  with  carbon  dioxide  still  running  in.  When 
the  tube  is  cold,  remove  the  two-hole  stopper,  add  20  cc.  of 
cold  boiled  distilled  water,  and  cover  tightly  with  a  solid  No. 
5V2  or  6  rubber  stopper.  Let  the  tube  stand  again  after  a 
little  whirling  in  the  cold  water  bath  until  perfectly  cold. 

Have  ready  a  500-cc.  casserole  containing  200  or  250  cc. 
of  cold  distilled  water  and  25  cc.  of  a  saturated  (5  per  cent) 
solution  of  boric  acid.  Add  the  contents  of  the  lead  tube, 
rinsing  it  out  with  cold  water  and  scrubbing  out  with  a  police- 

1  Received  April  6,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


man  any  ferrous  sulfate  that  may  be  deposited  at  the  bottom 
of  the  tube.  Stir  well.  Titrate  with  standard  potassium 
permanganate.  Calculate  the  iron  found  to  ferrous  oxide. 

A  prepared  solution  of  boric  acid  is  preferable  to  the  solid 
boric  acid  usually  added  by  other  chemists  as  this  is  not  easily 
dissolved  in  the  time  before  titrating. 

Method  for  Ferric  Oxide  or  Total  Iron 

The  same  kind  of  lead  tube  is  employed,  but  with  a  one- 
hole  rubber  stopper,  and  it  is  not  connected  with  a  carbon  di¬ 
oxide  generator.  Use  same  quantity  of  sample  and  of  water 
and  1 : 1  sulfuric  acid  and  hydrofluoric  acid  as  for  the  determina¬ 
tion  of  ferrous  oxide.  Cover  and  boil  for  20  minutes,  cool  in 
the  cold  water  bath,  add  20  cc.  of  cold  distilled  water,  and 
after  cooling  transfer  the  contents  of  the  tube  with  rinsings 
into  a  400-cc.  beaker  containing  50  cc.  cold  water  and  15  cc.  of 
1:2  sulfuric  acid.  Add  3  grams  of  20-mesh  c.  p.  zinc.  When 
all  the  zinc  is  dissolved,  filter  off,  on  a  rapid  filtering  S.  &  S. 
No.  589  “black  ribbon”  filter,  the  dark  cloud  of  impurities 
(lead,  etc.)  precipitated  from  the  meshed  zinc  and  the  lead  tube, 
and  wash  five  times  with  cold  water  into  a  500-cc.  casserole 
containing  about  200-cc.  of  cold  water.  Put  a  stick  of  c.  p. 
zinc  in  the  casserole.  After  a  few  minutes  of  action  with  the 
zinc  to  reduce  any  iron  re-oxidized  while  filtering,  withdraw 
the  stick  zinc  and  rinse  it.  Add  25  cc.  of  a  5  per  cent  boric 
acid  solution,  stir  well,  and  titrate  with  standard  potassium 
permanganate  (1  cc.  =  0.01  gram  Fe). 

Deduct  the  number  of  cubic  centimeters  of  potassium  per¬ 
manganate  corresponding  to  ferrous  oxide  in  a  0.5-gram  sam¬ 
ple  which  has  been  obtained  elsewhere  and  also  0.1  cc.  for  a 
blank.  Figure  the  remaining  iron  to  ferric  oxide. 

Add  15  cc.  of  water  to  the  0.5-gram  sample  in  a  50-cc. 
platinum  or  palau  crucible  (or  10  or  12  cc.  water  in  a  35-cc. 
crucible)  followed  by  10  cc.  of  1:1  sulfuric  acid  and  5  cc. 
of  hydrofluoric  acid.  Twenty  minutes’  good  heat  on  the 
hot  plate  effects  a  complete  decomposition  of  the  sample  to  a 
bright,  clear  solution.  If  a  boiling  over  occurs  from  an  ex¬ 
cessive  heat,  the  crucible  must  be  washed  out  and  dried. 
Proceed  with  a  fresh  sample,  etc.,  and  keep  the  crucible  on  a 
cooler  place  on  the  hot  plate.  Take  the  crucible  off  after 
20  minutes’  heating,  and  add  at  once  10  cc.  of  cold  water  to 
redissolve  or  prevent  a  white  deposit  of  iron  sulfate  when 
cooling  down.  When  cool,  finish  with  the  procedure  as 
described  for  ferric  oxide  after  using  the  lead  tube. 

The  cloud  of  impurities  from  the  meshed  zinc  must  be 
filtered  off  (it  can  always  be  noticed  on  the  filter),  as  it  dis¬ 
turbs  the  titration  and  renders  the  end  point  rather  transitory. 
The  c.  p.  stick  zinc,  unless  thinned  by  much  use,  does  not 
yield  any  iron  or  other  impurities.  Old  and  thinned  zinc 
sticks  must  be  avoided,  because  impurities  are  more  concen¬ 
trated  in  them  and  are  liable  to  vitiate  the  results  appre¬ 
ciably.  Boric  acid  must  not  be  added  until  the  stick  zinc 
has  been  taken  out. 

Ferric  oxide  in  acid  open-hearth  slags  ranges  from  a  mere 
trace  up  to  2  per  cent. 
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Determination  of  the  Specific  Gravity  of  Asphalt 

by  Means  of  a  Hydrometer 

Hugh  R.  Berry,  Edison  H.  Smith,  and  F.  R.  Lang 

Shell  Petroleum  Corporation,  Wood  River,  III. 


THE  hydrometer  method  for  the  determination  of  the 
specific  gravity  of  asphalt  has  been  found  to  be  much 
simpler  and  much  more  rapid  than  the  usual  pyc¬ 
nometer  method  (D70-27,  A.  S.  T.  M.  Report  of  Committee 
D-2  on  Petroleum  Products  and  Lubricants  and  Methods  of 
Test  Relating  to  Petroleum  Products,  1928),  and  is  therefore 
more  desirable  for  routine  determinations,  particularly  when 
a  large  number  of  samples  must  be  handled  quickly.  About 
50  minutes  are  required  for  a  determination  with  the  pyc¬ 
nometer,  while  less  than  15  minutes  is  required  when  the  hy¬ 
drometer  is  used. 

Apparatus 

Since  asphalts  are  solid  or  semi-solid  at  ordinary  tempera¬ 
tures,  it  is  necessary  to  carry  out  the  determination  at  a 
temperature  sufficiently  high  to  change  the  asphalt  to  a 
mobile  liquid  to  enable  the  hydrometer  to  sink  rapidly  to 
the  proper  level.  A  temperature  of  143.3-148.9°  C.  (290- 
300  °  F.)  was  found  to  be  quite  satisfactory  in  this  respect.  In 
order  to  maintain  a  constant  temperature  while  the  determi¬ 
nations  are  being  made,  some  form  of  a  constant-temperature 
oil  bath  is  required.  The  oil  bath  in  use  for  these  experi¬ 
ments  maintains  its  temperature  within  ±0.56°  C.  (1°  F.) 

The  asphalt  samples  are  held  in  cylindrical  sheet-iron  con¬ 
tainers  3.18  cm.  (iy4  inches)  in  diameter  and  15.24  cm.  (6 
inches)  deep.  These  containers  are  immersed  in  the  oil 
bath.  The  bath  is  covered  by  a  sheet-iron  lid  with  holes 
just  large  enough  to  receive  the  containers  which  are  sup¬ 
ported  by  their  rolled  edges.  Twelve  samples  may  be 
brought  to  constant  temperature  at  about  148.9°  C.  (300°  F.) 
at  the  same  time  in  this  bath. 

Procedure 

The  asphalt  samples  are  heated  to  a  temperature  slightly 
above  that  of  the  bath,  poured  into  the  metal  cylinders,  and 
suspended  in  the  constant-temperature  bath.  A  thermome¬ 
ter  is  placed  directly  in  the  asphalt,  and  when  a  constant  tem¬ 
perature  is  reached  the  hydrometer  is  floated  and  the  gravity 
and  temperature  recorded.  A  10.16-cm.  (4-inch)  A.  P.  I. 
scale  hydrometer  has  been  found  convenient  and  satisfactory. 
Table  II  gives  the  specific  gravity  at  15.56°/15.56°  C.  (60°/ 
60°  F.)  directly. 

Accuracy 

In  order  to  determine  the  comparative  accuracy  of  the 
hydrometer  and  the  pycnometer  methods,  the  specific  gravi¬ 
ties  of  a  number  of  samples  of  asphalt  have  been  determined 
by  both  methods.  Representative  results  of  some  of  these 
determinations  are  given  in  Table  I. 

The  limit  of  accuracy  of  the  pycnometer  method  is  =*=  0.005 
specific  gravity  according  to  the  A.  S.  T.  M.  Report  of  Com¬ 
mittee  D-2  mentioned  above.  The  data  given  in  Table  II 
indicate  that  the  hydrometer  method  yields  results  which 
check  closely  those  obtained  by  the  pycnometer  method. 

The  hydrometer  method  has  been  in  use  for  over  six  months 
and  has  been  checked  from  time  to  time  by  means  of  a  pyc¬ 
nometer.  During  this  time  the  hydrometer  has  been  found  to 
yield  uniformly  satisfactory  results. 

1  Received  April  16,  1929.  Presented  before  the  Division  of  Petroleum 
Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society,  Colum¬ 
bus,  Ohio,  April  29  to  May  3,  1929. 


Table  I — Comparison  of  Specific  Gravities  15.56°/15.56°  C. 
(60°/60°  F.)  by  Two  Methods 


IIydrom- 

Pycnom- 

Hydrom- 

Pycnom- 

Sample 

ETER 

ETER 

Sample 

ETER 

ETER 

Method 

Method 

Method 

Method 

1 

1.008 

1.010 

10 

1.009 

1.014 

2 

1.008 

1  008 

11 

1.009 

1.013 

3 

1.012 

1.011 

12 

0.995 

0.993 

4 

1.009 

1.012 

13 

1.008 

1.009 

5 

1.008 

1.010 

14 

1.008 

1.011 

6 

1.007 

1.009 

15 

1.006 

1.008 

7 

1.008 

1.011 

16 

1.010 

1.012 

8 

1  008 

1.012 

17 

0.998 

0.995 

9 

1.009 

1.009 

Reduction  of  Observed  0  A.  P.  I.  to  Specific  Gravity  at 
15.56°/15.56°  C.  (60  760°  F.) 

The  observed  hydrometer  reading  (degrees  A.  P.  I.)  was  con¬ 
verted  to  observed  specific  gravity  by  means  of  Table  5  in 
Bureau  of  Standards  Circular  154,  entitled  “National  Standard 
Petroleum  Oil  Tables.”  Table  3  in  the  same  circular  provides 
a  means  for  converting  observed  specific  gravity  to  specific 
gravity  at  15.56°/15.56°  C.  (60°/60°  F.).  However,  this 
table  extends  only  to  a  temperature  of  90.6°  C.  (195°  F.)  and 
so  could  not  be  used  directly  for  these  values  wrhich  were 
observed  at  much  higher  temperatures.  While  some  samples 
of  asphalt  or  asphalt  flux  are  thin  enough  at  90.6°  C.  (195°  F.) 
to  allow  a  hydrometer  to  be  used  at  this  temperature,  others 
were  too  viscous.  For  this  reason  the  higher  temperature 
was  selected. 

Upon  plotting  the  temperature  against  specific  gravity  as 
given  in  the  above-mentioned  Table  3,  an  approximately 
straight  line  relationship  was  found  to  exist,  so  by  extending 
the  lines,  values  of  specific  gravity  at  15.56  °/15.56°  C. 
(60°/60°  F.)  for  observed  specific  gravities  at  higher  tem¬ 
peratures  could  be  determined  from  the  graphs. 

In  order  to  make  the  routine  procedure  as  simple  as  pos¬ 
sible,  a  table  for  converting  observed  degrees  A.  P.  I.  at 
temperatures  between  140.6°  and  148.9°  C.  (285°  and  300°  F.) 
directly  to  specific  gravity  at  15.56°/15.56°  C.  (60°/60°  F.) 
was  prepared  from  Tables  3  and  5  in  the  Bureau  of  Stand¬ 
ards  Circular  154  by  the  method  of  extrapolation  already 
described.  Specific  gravities  are  given  for  each  degree  A.  P.  I. 
only,  but  those  from  fractional  -A.  P.  I.  readings  may  be 
readily  determined  by  interpolation.  While  no  great  degree 
of  accuracy  is  claimed  for  this  table  it  has  been  found  by 
experience  to  be  sufficiently  accurate  for  ordinary  use. 


Table  II— Specific  Gravity  at  15.56  °/15.56°  C.  (60°/60°  F.)  from  A.  P.  I. 
Hydrometer  Readings  at  Various  Temperatures 


Obsd.  Temp. 

A.  P.  I.  Hydrometer  Indication 

17 

18 

19 

20 

21 

22 

23 

24 

25 

°  C. 

°  F. 

140.6 

285 

1.030 

1.023 

1.017 

1.011 

1.005 

0.999 

0.993 

0.987 

0.982 

141.1 

286 

1.030 

1.023 

1.017 

1.011 

1.005 

1.000 

0.993 

0.987 

0.982 

141.7 

287 

1.030 

1.024 

1.017 

1.012 

1.005 

1.000 

0.994 

0.988 

0.982 

142.2 

288 

1.031 

1.024 

1.018 

1.012 

1.006 

1.000 

0.994 

0.988 

0.983 

142.8 

289 

1.031 

1.024 

1.018 

1.012 

1.006 

1.001 

0.994 

0.989 

0.983 

143.3 

290 

1.031 

1.025 

1.019 

1.013 

1.006 

1.001 

0.995 

0.989 

0.983 

143.9 

291 

1.032 

1.025 

1.019 

1.013 

1.007 

1.001 

0.995 

0.989 

0.984 

144.4 

292 

1.032 

1.025 

1.019 

1.013 

1.007 

1.002 

0.995 

0.990 

0.984 

145.0 

293 

1.032 

1.026 

1.020 

1.014 

1.007 

1.002 

0.996 

0.990 

0.984 

145.6 

294 

1.033 

1.026 

1.020 

1.014 

1.008 

1.002 

0.996 

0.990 

0.985 

146.1 

295 

1.033 

1.026 

1.020 

1.014 

1.008 

1.003 

0.996 

0.991 

0.985 

146.7 

296 

1.033 

1.027 

1.021 

1.015 

1.008 

1.003 

0.997 

0.991 

0.985 

147.2 

297 

1.034 

1.027 

1.021 

1.015 

1.009 

1.003 

0.997 

0.991 

0.986 

147.8 

298 

1.034 

1.027 

1.021 

1.015 

1.009 

1.004 

0.998 

0.992 

0.986 

148.3 

299 

1.034 

1.028 

1.022 

1.016 

1.009 

1.004 

0.998 

0.992 

0.986 

148.9 

300 

1.035 

1.028 

1.022 

1.016 

1.010 

1.004 

0.998 

0.992 

0.987 
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Electrostatic  Method  for  Determining  Fusain  in 

Bituminous  Coal  ’ 

J.  D.  Davis3  and  J.  A.  Younkins4 

Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  and  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 


Although  fusain  has 

been  separated  from 
coal  by  gravity  meth¬ 
ods  and  studied,  notably  by 
British  investigators  (2,3,4, 

5,7),*  no  direct  method  for  its 
quantitative  determination 
has  been  evolved  as  far  as 
the  writers  are  aware. 

Sinnatt  (6)  analyzes  for  fusain 
in  coal  by  determining  the 
volatile  matter  in  the  coal  sample,  having  previously  found 
the  volatile-matter  content  of  fusain-free  coal  and  of  pure 
fusain.  As  fusain  always  contains  considerably  less  vola¬ 
tile  than  coal,  mixtures  of  the  two  will  show  lower  vola¬ 
tile  than  pure  coal  by  an  amount  proportional  to  the  fusain 
present.  It  seemed  highly  desirable  to  the  writers,  however, 
to  have  a  direct  method  for  separation  and  determination  of 
fusain  as  such.  A  further  desideratum  was  that  the  method 
be  applicable  to  60-mesh  air-dried  coal  such  as  is  used  in 
standard  methods  for  the  analysis  of  coal  (1 ) .  The  method  de¬ 
scribed  herein  is  proposed  as  accomplishing  this  purpose.  It 
has  not  yet  been  tested  on  a  wide  variety  of  coals  and  fusains, 
but  there  seems  to  be  nothing  against  its  general  application; 
it  is  presented  at  this  time,  therefore,  with  the  hope  that  others 
interested  in  fusain  will  try  it. 

Properties  of  Fusain 

Fusain  is  very  similar  to  charcoal.  It  is  usually  soft 
enough  to  crumble  in  the  fingers,  but  sometimes  it  is  rendered 
hard  by  adsorbed  inorganic  salts,  calcite  for  example.  The 
soft  variety,  which  is  low  in  ash,  will  have  a  true  specific 
gravity  of  around  1 .47 ;  that  for  hard  fusain  may  be  as  high 
as  1.77,  depending  on  the  amount  and  character  of  inorganic 
salts  adsorbed.  It  has  a  black  streak,  whereas  that  of  the 
coal  (bituminous)  is  brown.  Under  the  microscope  powdered 
fusain  has  the  very  characteristic  structure  shown  in  Figure 
1-B.  Figure  1-A  is  a  sample  of  coal  for  comparison.  It  will 
be  noted  that  fusain  appears  to  consist  of  fibers  or  bundles 
of  fibers.  This  is  important,  because  it  offers  a  ready  means 
of  determining  whether  or  not  fusain  separated  in  the  course 
of  analysis  is  pure.  A  binocular  microscope  of  70  diameters 
magnification  serves  admirably  for  checking  the  purity  of 
60-mesh  fusain.  The  electrical  resistance  of  this  size  per 
cubic  centimeter  is  about  5000  ohms,  as  compared  with  50 
megohms  for  bituminous  coal.  However,  this  is  a  variable 
property  and  difficult  to  measure  accurately.  Its  electro¬ 
static  capacity  is  fairly  high  when  compared  with  coal  and  the 
impurities  of  coal,  and  this  is  the  property  on  which  the 
following  method  is  based. 

1  Received  April  11,  1929.  Presented  before  the  Division  of  Gas  and 
Fuel  Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society, 
Columbus,  Ohio,  April  29  to  May  3,  1929. 

2  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines,  and 
of  the  Carnegie  Institute  of  Technology,  and  the  Mining  Advisory  Board. 
(Not  subject  to  copyright.) 

3  Fuels  chemist,  Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Alines. 
4  Research  Fellow,  U.  S.  Bureau  of  Alines  and  Carnegie  Institute  of 
Technology. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


Apparatus  and  Method 

A  0.5-gram  sample  of  the 
coal  is  Shaken  with  a  mix¬ 
ture  of  gasoline  and  carbon 
tetrachloride  of  1.40  to  1.45 
specific  gravity  in  a  10-cc. 
centrifuge  tube.  This  is 
spun  10  minutes  on  the 
centrifuge  shown  in  Fig¬ 
ure  2.  This  treatment  floats 
most  of  the  coal  and  packs  the  fusain  mixed  with  bone  coal 
in  the  bottom  of  the  tube.  Most  of  the  coal  is  now  removed 
with  a  small  spoon  and  the  liquid  poured  out.  Particles 
of  coal  still  adhering  to  the  tube  are  wiped  out  with  a  piece 
of  filter  paper  on  a  glass  rod.  The  fusain  mixed  with  bone 
coal  and  mineral  matter  is  now  transferred  to  a  weighed 
2-inch  (5-cm.)  watch  glass  by  washing  with  benzene.  The 
benzene  is  evaporated  on  a  water  bath  and  the  residue 
weighed.  This  is  next  brushed  into  the  weighed  tray  of  the 
electrostatic  separator  shown  in  Figure  3.  Here  the  fusain 
is  removed  by  the  electric  field;  the  mineral  matter  and  bone 
coal  remain  and  can  be  weighed.  Since  the  original  sample 


(B) 

Figure  1 — (A)  Coal  and  (B)  Fusain,  60-Mesh  and  Finer.  70X 


A  method  for  the  direct  determination  of  fusain  in 
60-mesh  air-dried  coal  is  presented.  This  method  in¬ 
volves  preliminary  separation  of  all  the  fusain  in  an 
impure  state  by  gravity  and  subsequent  purification 
in  a  current  of  inert  gas  by  an  electrostatic  field.  The 
purity  of  fusain  finally  recovered  is  conveniently 
checked  by  the  microscope.  Results  of  analyses  of 
synthetic  mixtures  of  coal  and  fusain  together  with 
analyses  of  actual  coal  samples  show  the  precision  of 
the  method. 
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was  weighed  in  the  air-dried  state,  in  order  to  be  consistent 
the  fusain  and  bone  coal  at  this  point  should  be  allowed  to 
come  to  moisture  equilibrium  with  the  atmosphere  before 
weighing.  However,  the  amount  of  moisture  so  taken  up 
is  usually  so  small  that  this  procedure  may  be  neglected 

without  serious  error. 
As  the  weight  of  fusain 
plus  mineral  matter 
plus  bone  coal  is  known, 
the  amount  of  the  for¬ 
mer  can  be  determined 
by  difference.  If  de¬ 
sired,  the  fusain  recov¬ 
ered  can  be  brushed 
out  of  the  forward  end 
of  the  separator  and 
weighed  directly. 

In  either  case  both 
the  residue  and  recov¬ 
ered  fusain  must  be  ex¬ 
amined  under  the  mi¬ 
croscope  to  make  sure 
that  the  separation  has 
been  complete.  If  one 
treatment  does  not  re¬ 
move  all  the  fusain,  it 
will  be  necessary  to 
shake  the  residue  on 
the  tray  and  again  ap¬ 
ply  the  electric  field.  This  operation  is  repeated  until  the 
residue  is  free  from  fusain.  If  the  recovered  fusain  is  found 
to  contain  foreign  matter,  the  tray  is  brushed  out  and  charged 
with  the  impure  fusain,  which  is  again  treated  under  an  elec¬ 
tric  field  of  less  intensity  than  the  first  one.  By  working  in 
this  way  and  checking  with  the  microscope,  practically  com¬ 
plete  separation  is  obtained. 


its  positive  charge  and  receives  a  negative  one,  driving  it 
back  to  the  tray.  The  motion  of  the  particles  is  rapid  and 
if  a  current  of  gas  is  simultaneously  passed  between  the 
electrodes  all  the  fusain  is  quickly  removed  from  the  field. 

Referring  again  to  Figure  3,  the  electric  field  is  produced 
by  the  out-put  of  a  high-tension  transformer  of  about  500-watt 
capacity  connected  to  110- volt  supply,  the  secondary  wind¬ 
ing  giving  about  20,000  volts.  The  output  is  rectified  in  the 
usual  manner  by  a  General  Electric  Kenotron  tube.  One 
terminal  of  the  transformer  is  grounded,  as  also  is  the  tray 
of  the  separator,  and  the  top  electrode  of  the  separator  is 
connected  to  the  Kenotron.  The  separator  consists  of  a 
glass  box  23A  inches  (7.0  cm.)  in  width  by  1  inch  (2.5  cm.) 
in  depth  by  inches  (1.66  cm.)  in  length  made  by  gluing 
together  strips  cut  from  window  glass.  The  top  electrode 
is  a  piece  of  lead  foil  glued  to  the  inside  surface;  the  termi¬ 
nal  is  a  short  wire  passed  through  a  hole  in  the  glass  and  sealed 
in  with  DeKhotinsky  wax.  The  tray  serves  as  a  bottom 
electrode.  This  is  a  sheet  of  Vie-inch  (0.16-cm.)  aluminum 
with  wood  sides  glued  on.  A  tubulated  plug  of  wood  with  a 
rubber  gasket  closes  one  end  of  the  box  and  admits  a  slow 
stream  of  dry  natural  or  other  non-oxidizing  gas.  The  box 
is  held  by  rubber  bands  on  the  sliding  wood  member  shown, 
and  can  be  given  a  reciprocating  motion  by  the  eccentric  de¬ 
vice  which  is  driven  by  a  variable-speed  motor. 

The  whole  apparatus  is  mounted  on  a  board  fitted  with 
leveling  screws  so  that  on  shaking  the  sample  on  the  tray 
the  tendency  is  to  keep  it  uniformly  and  thinly  distributed, 
which  is  important.  Fusain  covered  deeply  by  foreign  matter 
will  not  be  lifted  by  the  field;  if  it  is  lifted,  probably  some  of 
the  foreign  matter  will  be  carried  along  with  it,  making  retreat^ 
ment  necessary.  Regulation  of  the  field  intensity  with  the 
arrangement  just  described  is  best  effected  by  adjustment  of 
the  filament  current  to  the  Kenotron.  With  20,000  volts 
high-tension  supply  and  electrodes  3/4  inch  (2.0  cm.)  apart, 
the  writers  found  a  filament  current  of  4.5  amperes  adequate. 


Fusain  has  higher  electrical  conductivity  and  higher  elec¬ 
trostatic  capacity  than  the  coal  and  mineral  matter,  and  will 
take  on  an  electric  charge  sufficient  to  cause  it  to  be  repelled 
from  the  charged  (positive)  tray  while  the  foreign  matter 
remains,  unless  a  very  strong  electric  field  is  used.  The 
fusain,  on  reaching  the  top  or  negative  electrode,  delivers 


Results  of  Trials 

To  test  the  method,  a  supply  of  pure  fusain  was  obtained 
from  partings  in  the  Pittsburgh  coal  bed  and  synthetic  mix¬ 
tures  of  this  with  the  pure  coal  were  made  up  and  analyzed 
as  follows: 
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Determination  of  Fusain  in  Synthetic  Mixtures  of  Coal  and  Fusain 
(60-Mesh,  Air-Dried) 


Present 

Found 

Present 

Found 

Present 

Found 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

5 

5.50 

10 

11.24 

15 

15.34 

5.67 

9.86 

15.07 

4.67 

9.36 

16.03 

5.57 

9.98 

5.70 

9.48 

Average  15.48 

5.67 

11.85  (?) 

(6.00)  Average  10.29 

(150-mesh)  4.98 
Average  5 . 39 

It  will  be  noted  that  these  results  have  a  tendency  to  be 
slightly  high,  probably  due  to  mineral  matter  being  carried 
over  with  the  fusain ;  in  fact,  in  several  samples  some  calcite 
was  detected  in  recovered  fusain  by  the  microscope.  The 
fusain  was  selected  for  freedom  from  extraneous  ash  and  was 
therefore  lower  in  ash  than  a  true  sample  from  the  mine 
would  be.  To  be  representative  of  the  fusain  of  the  mine, 
which  undoubtedly  carries  a  certain  proportion  of  the  ex¬ 
traneous  ash  of  the  bed,  the  fusain  recovered  should  also  con¬ 
tain  some  extraneous  mineral  matter.  The  results  are 
probably  about  what  they  would  be  if  the  fusain  had  con¬ 
tained  its  natural  amount  of  extraneous  mineral  matter. 
They  are  therefore  better  than  they  appear.  Tests  with 
fusains  containing  large  amounts  of  absorbed  mineral  matter 
(inherent  ash)  show  that  this  is  carried  over  with  recovered 
fusain  in  the  separator. 

The  following  series  of  duplicate  determinations  selected 
at  random  from  results  on  coal  samples  (not  synthetic  mix¬ 
tures)  will  give  an  idea  of  how  closely  a  chemist  may  expect 


to  check  his  results.  Two  determinations  only  were  made 
in  each  of  these  cases. 

Duplicate  Determinations  of  Fusain  in  Coal  Samples 

Sample  Sample 

Per  cent  Per  cent 


(.a) 

< b ) 

(a) 

(6) 

1 

3.80 

3.66 

6 

4.38 

3.92 

2 

2.08 

2.24 

7 

5.16 

5.24 

3 

2.68 

2.58 

8 

12.70 

12.20 

4 

2.20 

2.64 

9 

22.30 

23.10 

5 

4.80 

4.40 

Advantage  of  Method 

An  important  advantage  of  the  method  is  that  the  com¬ 
pleteness  of  separation  of  coal  and  fusain  electrostatically 
can  be  checked  very  closely  by  the  microscope.  One  can 
actually  see  the  separation  in  progress  and  adjust  conditions — 
field  strength,  shaking,  etc. — so  that  good  results  may  be 
obtained  with  samples  of  varying  character. 

It  should  be  observed  that  small  quantities  of  fusain  (say 
less  than  4  per  cent)  are  not  readily  detected  in  coal  by  the 
microscope.  On  the  other  hand,  very  small  amounts  of 
coal  in  fusain  are  easily  seen. 
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Determination  of  Sulfur  in  Petroleum  Oils' 

R.  C.  Griffin 


Arthur  D.  Little,  Inc.,  Cambridge,  Mass. 


IT  IS  well  known  that  under  some  conditions  and  with 
some  types  of  organic  sulfur  compounds,  such  as  mer- 
captans,  both  the  bomb  and  lamp  methods  for  deter¬ 
mining  total  sulfur  in  petroleum  products  give  low  results. 
An  investigation  of  both  procedures  has  been  made  in  this 
laboratory  and  methods  devised  for  overcoming  some  of  the 
difficulties  encountered.  Further  work  on  this  subject  is 
contemplated,  but  the  results  available  are  presented  now 
with  the  thought  that  they  will  be  of  interest. 

Unless  otherwise  noted,  the  standard  lamp  method  (A.  S. 
T.  M.  Method  D90-26T,  Sulfur  in  Naphthas  and  Illuminating 
Oils)  and  the  standard  bomb  method  (A.  S.  T.  M.  Method 
D129-27,  Sulfur  in  Petroleum  Oils  Heavier  than  Illuminating 
Oil)  have  been  used  throughout.  An  Emerson  monel  metal 
bomb  with  gold  linings  was  used.  It  was  found  advisable 
to  remove  the  lower  lining  after  each  determination,  as  there 
is  a  tendency  for  some  of  the  liquids  to  creep  in  back  of  the 
lining. 

Experimental 

Experiment  I — Five  determinations  made  in  the  bomb  on 
pure  elementary  sulfur  without  any  organic  solvent  present 
showed  an  average  recovery  of  sulfur  of  87.45  per  cent  with  a 
minimum  of  85.95  per  cent  and  a  maximum  of  91.80  per  cent. 
In  the  latter  case  3  per  cent  of  the  sulfur  was  found  between 
the  bomb  lining  and  the  bomb  itself  and  may  have  been  an 
accumulation  from  previous  determinations. 

1  Received  April  16,  1929.  Presented  before  the  Division  of  Pe¬ 
troleum  Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society, 
Columbus,  Ohio,  April  29  to  May  3,  1929. 


Experiment  II — -Varying  amounts  of  elementary  sulfur 
were  dissolved  in  c.  p.  benzene  (S  =  0.057  per  cent)  and 
oleum-treated  gas  oil  (S  =  0.099  per  cent)  was  added  until 
the  calculated  sulfur  contents  of  the  mixtures  were  0.40, 
1.18,  and  1.74  per  cent,  respectively.  These  were  tested  in 
the  bomb  by  chemist  “R,”  with  the  following  recoveries  of 
sulfur — -65,  67,  and  57  per  cent. 

Experiment  III — A  similar  series  was  made  up  of  the 
same  materials  by  chemist  “P”  and  the  bomb  determinations 
carried  out  by  other  analysts,  with  the  following  results: 


Sample  6 

Sample  7 

Sample  8 

% 

% 

% 

Calculated  sulfur 

Determined  sulfur: 

0.40 

0.91 

1.26 

Chemist  “R" 

0.267 

0.489 

0.817 

0.282 

0.497 

0.752 

Chemist  “M" 

0.284 

0.656“ 

0.308 

Chemist  “B” 

O'.  484 

0.433 

Average 

Percentage  of  calculated  sulfur 

0.285 

0.512 

0.785 

recovered 

71 

56 

62 

°  Potassium  iodide  solution  was  used  after  the  combustion  instead  of 
bromine  water  under  the  assumption  that  persulfates  might  be  formed 
and  these  reduced  to  sulfates  by  the  potassium  iodide.  Although  iodine 
was  liberated  and  a  higher  result  obtained,  we  are  inclined  to  believe  that 
this  result  is  abnormal. 

Experiment  IV — -Cetyl  sulfide  made  in  this  laboratory 
and  which,  from  the  melting  point  and  acetyl  value,  was 
considered  to  be  very  nearly  c.  p.,  was  dissolved  in  c.  r. 
benzene.  Bomb  determinations  showed  a  recovery  of  50  and 
77  per  cent  sulfur. 

Experiment  V — A  comparison  of  the  two  methods  was 
made  on  gas  oils,  with  the  following  results: 
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Sample  425 

Sample  426 

Sample  427 

Dark  gas  oil, 

Light  gas  oil, 
treated  to  reduce 

Same  as  426  but 
in  different 

high  S  content 

S  content 

bottle 

% 

% 

% 

Bomb  method: 

Chemist  “M” 

1.286 

0.217 

0.196 

1.282 

0.167 

0.219 

Average 

1.284 

0.192 

0.208 

Lamp  method: 

Chemist  “M” 

1.50 

0.213 

0.217 

1.52 

0.216 

0.203 

Chemist  “B” 

1.50 

0.225 

1.51 

0.196 

Average 

1.51 

0.213 

0.210 

It  'noil  be  noted  that  the  lamp  method  gave  appreciably 
higher  results  on  sample  425,  although  the  check  determina¬ 
tions  by  each  method  were  close,  while  both  methods  showed 
practically  the  same  results  on  samples  426  and  427. 

Experiment  VI — -Three  further  samples  of  gas  oil  were 
made  up  by  mixing  varying  amounts  of  samples  425  and  427 
used  in  Experiment  V  and  the  sulfur  content  calculated  on 
the  basis  of  the  lamp  determinations  noted  above — namely, 
1.51  and  0.210  per  cent,  respectively.  The  following  re¬ 
coveries  were  obtained  by  the  bomb  method:  87,  85,  and  81 
per  cent;  while  the  lamp  method  showed  100.5,  100.0,  and 

98.3  per  cent. 

Experiment  VII — To  the  same  three  samples  noted  in 
Experiment  VI,  known  weights  of  elementary  sulfur  were 
added.  Based  on  the  previous  lamp  determinations  of  total 
sulfur,  the  final  sulfur  content  of  these  samples  was  calculated 
to  be  0.93,  1.19  per  cent,  and  0.52  per  cent,  respectively. 
Analyses  by  the  bomb  method  showed  78,  82,  and  81  per 
cent  recovery,  while  the  lamp  method  gave  99.2,  92.6,  and 

96.3  per  cent  recovery.  It  thus  appears  that  dissolved  ele¬ 
mentary  sulfur  can  be  determined  by  the  lamp  method. 

Experiment  VIII — An  investigation  was  made  to  deter¬ 
mine  the  cause  of  the  low  results  obtained  by  the  bomb 
method: 

A — -The  exhaust  gases  from  the  bomb  obtained  from 
several  determinations  which  were  subsequently  shown  to 
give  low  results  were  conducted  through  an  absorption 
apparatus  containing  caustic  soda  solution.  No  S02  or 
SO3  could  be  detected  in  this  solution. 

B — -Of  the  gas  oil  No.  425,  previously  found  in  Experiment 
V  to  contain  1.284  per  cent  sulfur  by  the  bomb  method  and 
1.51  per  cent  by  the  lamp  method,  five  separate  portions  were 
exploded  in  the  bomb  in  the  usual  way  and  the  sulfur  pre¬ 
cipitated  with  barium  chloride,  the  barium  sulfate  being 
filtered  out,  washed,  ignited,  and  weighed.  The  filtrate  from 
each  determination  was  treated  as  follows:  After  adding  two 
drops  of  methyl  orange,  a  10  per  cent  sodium  carbonate 
solution  was  run  in  from  a  buret,  stirring  all  the  time  until 
the  methyl  orange  turned  yellow.  The  mixture  was  heated 
to  boiling  on  the  hot  plate  and  allowed  to  stand  overnight, 
covered.  Then  a  drop  or  two  of  the  sodium  carbonate 
solution  was  added  to  make  sure  that  all  barium  carbonate  had 
been  precipitated.  The  solutions  were  filtered  and  the  pre¬ 
cipitate  was  washed  with  cold  distilled  water.  The  solutions 
were  then  evaporated  nearly  to  dryness  on  the  hot  plate 
and  finally  taken  down  to  dryness  on  the  steam  bath.  Each 
was  then  treated  separately  as  follows: 

(1)  Several  cubic  centimeters  of  concentrated  nitric  acid 
were  added  and  the  solution  was  heated  on  the  steam  bath  until 
nitric  fumes  had  disappeared. 

(2)  Sufficient  water  was  added  to  dissolve  the  residue  and 
then  10  cc.  of  concentrated  nitric  acid  were  added.  The  mix¬ 
ture  was  heated  to  boiling  and  about  1  gram  of  potassium 
chlorate  was  added,  a  crystal  at  a  time.  The  mixture  was  then 
evaporated  to  dryness  on  the  steam  bath. 

(3)  About  10  cc.  of  strong  bromine  water  were  added  and 
the  mixture  evaporated  to  dryness  on  the  steam  bath. 

(4)  Sufficient  water  was  added  to  dissolve  the  residue,  then 
a  slight  excess  of  sodium  hydroxide  solution  and  finally  about 
1  gram  of  potassium  permanganate  dissolved  in  a  little  water. 


The  solution  was  evaporated  to  dryness  on  the  steam  bath  and 
then  sufficient  hydrochloric  acid  added  to  dissolve  the  manganese 
precipitate. 

(5)  The  residue  was  transferred  with  the  smallest  possible 
amount  or  distilled  water  to  a  small  flask  and  refluxed  for  several 
hours  with  an  excess  of  concentrated  hydrochloric  acid,  pro¬ 
tecting  the  cork  stopper  with  tin  foil;  the  solution  was  then 
evaporated  to  dryness  on  the  steam  bath. 

All  the  evaporated  residues  after  treatment  as  above 
described  were  taken  up  separately  with  about  100  cc.  of 
distilled  water  and  2  cc.  of  hydrochloric  acid  added.  They 
were  heated  to  boiling  and  10  cc.  of  barium  chloride  solution 
added  to  each,  a  little  at  a  time.  The  barium  sulfate  was 
filtered  out,  washed,  ignited,  and  weighed  in  the  usual  way, 
and  the  additional  percentage  of  sulfur  recovered  by  the 
various  treatments  was  calculated.  The  following  is  a  sum¬ 
mary  of  the  results: 

Sulfur  Previously  Obtained  % 

With  lamp  1 . 51 

With  bomb  1 . 286 

Recovery  by  bomb  85.2 

Results  of  These  Tests 


dj 

(2) 

(3) 

(4) 

(5) 

Av. 

% 

% 

% 

% 

% 

% 

Sulfur  by  bomb 

1.27 

1.34 

1.24 

1.14 

1.35 

1.268 

Recovery  by  bomb 
Additional  sulfur  by 

84.1 

88.7 

82.1 

75 . 5 

89.4 

83.8 

treatment 

0.14 

0.10 

0.18 

Trace0 

0.146 

0.142 

Total  sulfur  obtained 

1.41 

1.44 

1.42 

1.14° 

1.496 

1.442 

Total  sulfur  recovered 

a  Omitted  in  average. 

93.4  ' 

95.4 

94.0 

75.5“ 

99.1 

95. 5 

Taking  the  true  sulfur  content  of  the  oil  to  be  1.51  per 
cent  as  determined  by  the  lamp  method,  the  original  analysis 
showed  85.2  per  cent  recovery  of  this  sulfur  by  the  bomb 
method,  and  the  average  of  the  five  additional  determinations 
by  the  bomb  method  showed  83.8  per  cent  recovery.  By  the 
various  treatments  described  above,  with  the  exception  of  (4), 
an  additional  amount  of  sulfur  was  obtained,  bringing  the 
average  recovery  up  to  95.5  per  cent.  It  is  particularly  in¬ 
teresting  that  in  treatment  (5),  where  the  residue  is  refluxed 
with  concentrated  hydrochloric  acid,  the  recovery  was 
brought  up  to  99.1  per  cent.  These  results  would  seem  to 
show  that  part  of  the  sulfur  in  the  oil  goes  to  a  sulfonic  acid 
during  the  explosion  in  the  bomb.  The  barium  salt  of  the 
sulfonic  acids  is  soluble  and  a  portion  of  the  sulfur  is  therefore 
lost. 

Experiment  IX — Samples  of  two  different  crude  oils  were 
tested  by  the  usual  bomb  method  and  in  addition  the  filtrates 
were  refluxed  with  hydrochloric  acid  as  in  method  (5)  de¬ 
scribed  above,  with  the  following  results: 


/ — Sample 

A - . 

. — Sample  B - 

a) 

(2) 

Av. 

(11 

(2) 

Av. 

% 

% 

% 

% 

% 

% 

Sulfur  by  bomb 

1.93 

2.15 

2.04 

1.77 

1.64 

1.705 

Additional  sulfur  by  refluxing 

0.19 

0.13 

0.16 

0.23 

0.27 

0.25 

Total  sulfur 

2.12 

2.28 

2.20 

2.00 

1.91 

1.95 

Experiment  X — Two  samples  of  light  distillate  containing 
mercaptans  were  analyzed  for  sulfur  in  duplicate  by  the 
lamp  method.  The  same  samples  were  subsequently  ana¬ 
lyzed  by  the  bomb  method  with  subsequent  refluxing  of  the 
filtrate  from  the  barium  sulfate  with  concentrated  hydro¬ 
chloric  acid  as  previously  described.  The  results  were  as 
follows: 


. — Sample  49-A — . 

. — Sample  50-A — • 

A 

B 

Av. 

A 

B 

Av. 

% 

% 

% 

% 

% 

% 

Lamp  method 

0.269 

0.  271 

0.270 

0.265 

0.265 

0.265 

Regular  bomb  method 

0.304 

0.261 

0.283 

0.248 

0.236 

0.242 

Additional  sulfur  by 
refluxing 

0.153 

0.178 

0.165 

0.163 

0.156 

0.159 

Total  sulfur  by  bomb 

0.457 

0.439 

0.448 

0.411 

0.392 

0.402 

Taking  the  sulfur  by  the  lamp  method  as  100  per  cent,  it 
will  be  seen  that  the  bomb  method  gives  the  following  per¬ 
centages  of  sulfur: 
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Sulfur  by  regular  bomb  method 
Sulfur  by  modified  bomb  method 


Sample  49-A 

% 

104.8 

165.9 


Sample  50-A 

% 

91.3 

151.7 


This  experiment  shows  that  the  lamp  method  does  not  give 
all  the  sulfur  where  mercaptans  are  present.  It  also  shows, 
in  this  particular  instance  at  any  rate,  that  a  large  proportion 
of  the  sulfur  was  converted  in  the  bomb  to  substances  having 
soluble  barium  compounds,  probably  sulfonic  acids.  Whether 
or  not  this  is  due  to  the  mercaptans  we  have  no  evidence  as 


yet. 


Sulfur  by  regular 
bomb  method 
Additional  sulfur 
by  refluxing 
Total  sulfur 
Sulfur  recovered 
by  regular  bomb 
method 

Sulfur  by  lamp 
method 

Total  sulfur  re¬ 
covered  by  lamp 
method 


Howard 


. — Winkler — , 

/ — Smackover — * 

Glasscock 

A 

B 

Av. 

A 

B 

Av. 

A 

B 

Av. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

1.18 

1.26 

1.22 

1.64 

1.75 

1.695 

1.67 

1.72 

1.695 

0.16 

0.20 

0.  18 

0.21 

0.22 

0.215 

Lost 

0.28 

1.34 

1.46 

1.40 

1.85 

1.97 

1.91 

2.00 

2.00 

88.0 

86.3 

87.1 

88.7 

88.8 

88.7 

83.5 

86.0 

84.8 

1.20 

1.03 

1.12 

1.12 

1.32 

1.22 

1.30 

1.30 

1.30 

85.7 

73.6 

80.0 

58.6 

69.1 

63.9 

65.0 

65.0 

65.0 

Experiment  XI — Three  samples  of  crude  oil — -Winkler, 
Smackover  heavy,  and  Howard  Glasscock — were  analyzed 
by  the  usual  bomb  method  and  the  filtrates  were  refluxed 
with  hydrochloric  acid  and  the  additional  barium  sulfate 


determined  as  in  method  (5)  under  Experiment  VIII-B. 
These  oils  were  also  diluted  with  a  kerosene  containing  0.041 
per  cent  sulfur  (lamp  method)  and  tested  for  total  sulfur  by 
the  lamp  method.  The  results  in  opposite  column  were 
obtained. 


Conclusions 

1 —  In  the  usual  bomb  method  for  sulfur  in  petroleum  oils 
part  of  the  sulfur  is  in  most  cases  oxidized  to  sulfonic  acid 
or  similar  substances.  The  barium  salts  of  the  sulfonic  acids 
are  soluble  in  water  and  consequently  the  determination  gives 
low  results. 

2 —  The  sulfur  as  sulfonic  acid  may  be  recovered  by  refluxing 
the  evaporated  filtrate  from  the  barium' sulfate  precipitation 
with  concentrated  hydrochloric  acid.  This  converts  the 
sulfonic  acid  to  sulfuric  acid. 

3 —  -Both  the  usual  bomb  method  and  the  lamp  method  give 
low  results  for  oils  containing  mercaptans.  Apparently  the 
mercaptans  are  largely  oxidized  to  sulfonic  acid  in  the  bomb. 
When  burned  in  the  lamp  they  form  some  other  compound 
than  S02  or  S03  and  are  lost. 

4 —  It  is  not  possible  to  determine  sulfur  on  heavy  crudes 
with  the  lamp  method  by  diluting  with  kerosene  and  burning 
the  mixture.  On  very  heavy  crudes  the  recovery  of  sulfur 
by  this  procedure  may  be  as  low  as  65  per  cent. 


An  Improved  Volumenometer 

Alfred  W.  Francis  and  Edward  P.  Oxnard 


Arthur  D.  Little,  Inc.,  Cambridge,  Mass. 


IT  IS  sometimes  necessary  to  determine  the  true  volume 
or  density  of  a  powder  or  irregular  solid  which  is  soluble, 
porous,  or  otherwise  unsuited  for  liquid  displacement 
methods.  Various  forms  of  volumenometers  have  been  pro¬ 
posed  (/  to  4),*  but  they  have  been  found  unsuitable  or  of 
insufficient  accuracy  for  the  purpose.  Accordingly,  the 
writers  have  devised  certain  improvements  which  make  the 
apparatus  very  simple  and  satisfactory. 

A  volumenometer  determines  volumes  by  air  displacement 
and  depends  upon  Boyle’s  law.  The  volume  of  a  bulb  is 
calculated  from  observations  of  two  air  pressures — one  when 
a  certain  amount  of  air  is  contained  in  the  bulb  alone,  and  one 
when  the  same  amount  of  air  is  expanded  to  fill  the  bulb 
and  an  additional  known  volume.  The  operation  is  repeated 
with  the  sample  in  the  bulb.  The  difference  in  calculated 
volumes  gives  the  true  volume  of  the  sample. 

The  known  volume  has  been  measured  commonly  by 
means  of  two  marks  on  a  cylindrical  tube.  It  is  more  accu¬ 
rate  to  use  a  pipet  bulb  with  calibrations  both  above  and 
below  the  bulb. 

A  serious  defect  in  most  forms  of  volumenometer  is  the 
difficulty  of  making  a  sample  bulb  with  a  wide  mouth  so  as  to 
introduce  large  samples,  and  yet  be  capable  of  being  closed  air¬ 
tight  to  a  constant  volume,  which  precludes  the  use  of  soft 
gaskets. 

Description  of  Apparatus 

The  apparatus  is  illustrated  in  the  figure.  The  sample  is 
weighed  into  the  flat-bottom  bulb,  which  is  similar  to  a 
weighing  bottle  but  of  Pyrex  glass  and  heavier  in  construe- 

1  Received  April  18,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  literature  cited  at  end  of  article. 


tion.  The  neck  is  provided  with  a  steel  collar  with  screws 
which  clamp  down  the  ground-glass  cover  under  a  rubber  or 
leather  washer,  thus  holding  the  pressure.  The  ground-glass 
joint  is  lubricated  with  lanolin  before  closing.  To  the  cover 
is  sealed  a  short  capillary  glass  tube,  which  is  connected  to 
another  capillary  tube 
by  means  of  a  short 
piece  of  rubber  pressure 
tubing.  The  pipet  bulb 
is  made  from  a  pipet 
upon  which  a  second 
graduation  is  etched  be¬ 
low  the  bulb  and  cali¬ 
brated,  preferably  with 
mercury,  before  break¬ 
ing  off  its  tip.  For 
greatest  accuracy  the 
volume  of  the  pipet 
bulb  should  be  slightly 
smaller  than  that  of 
the  sample  bulb.  This 
pipet  bulb  is  supported 
by  a  clamp  (not  shown 
in  the  figure) . 

The  manometer,  pref¬ 
erably  about  2  meters 
long,  is  provided  with 
two  meter  rods,  the 
lower  one  inverted. 

The  zero  marks  of  the 
meter  rods  are  set  op¬ 
posite  the  pipet  gradua¬ 
tions.  The  exact  posi- 
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tion,  which  corrects  for  any  error  due  to  capillarity,  is  found 
by  disconnecting  the  sample  bulb,  setting  the  mercury  at  a 
pipet  calibration,  and  using  the  mercury  level  in  the  other 
tube  as  a  zero  mark. 

The  leveling  bulb,  with  a  capacity  of  150  to  200  cc.,  is 
supported  by  either  of  two  split  rings  as  shown.  In  the 
lower  position  the  mercury  levels  are  at  B-B-B  and  the  reading 
of  pressure  below  the  barometer,  Pi,  is  made  when  the  mercury 
in  the  pipet  is  at  the  lower  graduation.  The  leveling  bulb 
is  then  raised  to  the  other  ring,  so  placed  that  the  upper  gradua¬ 
tion  in  the  pipet  is  reached  and  the  levels  are  at  A- A- A .  The 
pressure  above  the  barometer,  P2,  is  read.  The  readings  are 
repeated  until  at  least  three  checks  within  1  mm.  are  obtained 
on  both  upper  and  lower  readings,  since  at  first  there  is  usually 
a  slight  creeping  of  the  levels.  The  use  of  two  rings  facilitates 
the  finding  of  the  proper  positions. 

Frequently  the  ground-glass  cover  of  the  sample  bulb  be¬ 
comes  stuck  so  tightly  that  it  cannot  be  pulled  out.  In  such 
cases  it  can  be  removed  by  connecting  air  or  water  pressure 
to  the  tube. 


Calculation  of  Volume 


The  calculation  is  expressed  most  simply  by  the  equation: 
Difference  in  volume  _  small  volume  . 

Difference  in  pressure  small  pressure  ^ 


in  wdiich  the  difference  in  volume  is  the  calibrated  volume  of' 
the  pipet  bulb,  V';  the  difference  in  pressure  is  the  sum  of 
the  two  readings  on  the  meter  rods,  Pi  +  P2;  the  small  pres¬ 
sure  is  the  barometer  reading,  B,  minus  the  lower  reading,  Pi; 
and  the  small  volume  is  the  gas  volume,  V,  in  the  sample 
bulb  including  the  capillary  tube.  Therefore, 


V' 

Pi  +  P2 


or  V 


V' 


B  -  Pi 
Pi  +  P2 


(2) 


By  determining  the  sample  bulb  volume  empty  and  sub¬ 
tracting  the  volume  when  it  contains  the  sample  the  true 
volume  of  the  sample  is  obtained.  With  sufficient  care 
volumes  can  be  estimated  with  an  accuracy  of  0.2  or  0.3  cc. 

The  results  obtained  on  a  sample  of  leather  are  as  follows: 


Volume  of  pipet  bulb 

96.04  cc. 

Volume  of  sample  bulb  (empty) 

123.65  cc. 

Weight  of  sample 

23.8  grams 

Barometer 

768  mm. 

Upper  Readings  (P2) 

Lower  Readings  (.Pi) 

266.7 

224.0 

267.3 

224.0 

267.6 

223.0 

267.3 

224.0 

Mean  267 . 2 

223.8 

Then,  applying  Equation  2, 

V  =  96  04  ^68  —  223.8  _ 

267.2  +  223.8  iU°'4d 
The  true  volume  of  the  sample  is  therefore 

123.65  cc.  -  106.43  cc.  =  17.22  cc. 
and  from  this  volume  and  the  weight  of  the  sample  the  true 
23  8 

density  is  =  1-38. 

It  might  be  interesting  to  note  that  the  apparent  density  as 
calculated  from  linear  measurements  is  0.606.  This  indicates 
56  per  cent  of  voids. 


The  method  was  found  equally  applicable  to  wet  samples 
provided  a  correction  was  applied  for  vapor  pressure  of  water 
at  the  surrounding  room  temperature.  For  wet  samples  the 
formula  becomes 


V  = 


B  -  Pi  -  W 
Pi  +  P2 


(3) 


where  IF  is  the  vapor  pressure  of  water.  For  wet  soluble  sub¬ 
stances  this  correction  should  be  replaced  by  the  vapor  pres¬ 
sure  of  the  saturated  solution. 

The  apparatus  has  been  in  use  for  six  months  and  has 
given  satisfactory  results  with  such  materials  as  soap,  leather, 
and  various  powders.  It  is  to  be  noted  that  pockets  of  air 
within  a  sample,  even  if  they  are  enclosed  completely,  are 
compressible,  and  so  are  not  included  in  the  calculated  volume, 
unless  the  solid  material  is  rigid. 
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Bottle  for  Accurate  Weighing  of  Volatile  Liquid 

Mixtures* 

Z.  Blaszkowska 

Polytechnic  High  School,  Warsaw,  Poland 


rPO  WEIGH  several  liquid  components  of  a  mixture  in 
*  one  container  is  usually  a  long,  difficult  task.  When 
weighing  one  of  the  liquids  following  the  first  it  is  easy  to 
pour  too  much,  necessitating  a  new  calculation  and  the 
addition  of  new  portions  of  the  liquid  already  weighed. 
There  are  still  more  difficulties  when  mixing  easily  volatile 
liquids,  for  weighing  bottles  with  capillary  tubes  and  capillary 
pipets  are  then  necessary  and  the  time  of  weighing  is  still 
longer. 

During  work  on  esterification,  the  author  designed  the 
apparatus  shown  in  the  accompanying  figure,  which  facilitates 
and  shortens  the  weighing,  and  is  very  accurate.  It  is  es¬ 
pecially  suitable  for  weighing  easily  volatile  liquids. 

The  apparatus  consists  of  two  containers,  A  of  about  100 
cc.  capacity  and  B  of  about  50  cc.  capacity,  depending  on  the 
amount  of  the  liquid  to  be  weighed,  joined  by  the  S-shaped 
tube,  C.  The  small  tube  I)  in  container  A  is  closed  by  means 
of  a  rubber  tube  with  a  glass  stopper  or  by  a  glass  stopper 

« 

1  Received  February  28,  1929. 


directly.  Container  B  has  a  well- 
ground  glass  stopper. 

The  first  liquid  is  weighed  into 
B  by  pouring  it  through  the  inlet 
K;  the  side  tube  D  must  be 
closed.  The  liquid  partly  fills  the 
container  B  and  part  of  the  bent 
tube  C.  The  liquid  can  be  added 
or  removed  with  a  pipet  through 
K.  After  the  weighing  the  open¬ 
ing  K  is  closed  and  the  liquid  is 
poured  from  I?  to  A  by  inclining 
the  apparatus.  The  bent  tube  C 
must  be  wide  enough  (6  to  8  mm.) 
to  allow  the  simultaneous  passing 
of  the  liquid  from  B  to  A  and  of 
the  air  from  A  to  B.  Each  of  the 
other  liquids  is  also  weighed  in 
the  container  B.  The  first  por- 
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tions  are  used  for  washing  the  walls  of  B  and  C.  After 
pouring  these  portions  of  the  liquid  into  A,  the  remainder 
is  weighed  as  the  first  liquid  in  B. 

Thus  the  apparatus  allows  us  to  weigh  each  of  the  liquids 
separately.  The  time  of  preparation  of  a  mixture  is  shortened 


considerably  and  the  hydraulic  seal  prevents  the  volatilization 
of  the  liquids  weighed  previously  during  the  weighing. 

In  order  to  mix  the  weighed  liquids  accurately,  it  is  advisable 
to  cool  the  container  A  and  thus  to  condense  the  vapors  in  B 
and  C.  The  mixture  from  A  is  poured  out  through  the  side 
tube  D. 


Recommended  Specifications  for  Analytical 

Reagent  Chemicals1 

Bromine,  Cupric  Ammonium  Chloride,  Cupric  Oxide  Powdered  and  Granular* *  Ether,  Ether 
Absolute,  Potassium  Chromate,  Potassium  and  Sodium  Tartrate,  Silver  Sulfate, 

Zinc  Low  in  Arsenic,  Zinc  Low  in  Lead  and  Iron 

W.  D.  Collins,  H.  V.  Farr,  Joseph  Rosin,  G.  C.  Spencer,  and  Edward  Wichers 


Committee  on  Analytical  Reagents,  American  Chemical  Society 


THE  specifications  given  below  are  intended  to  serve  for 
reagents  to  be  used  in  careful  analytical  work.  The 
limits  and  tests  are  based  on  published  work,  on  the  ex¬ 
perience  of  members  of  the  committee  in  the  examination  of 
reagent  chemicals  on  the  market,  and  on  the  studies  of  the  tests 
made  by  members  of  the  committee  as  the  various  items  were 
considered.  Suggestions  for  improvements  of  the  specifications 
will  be  welcomed  by  the  committee. 

In  all  the  directions  the  acids  and  ammonium  hydroxide  re¬ 
ferred  to  are  of  full  strength  unless  dilution  is  specified ;  dilution 
indicated  as  (1  +  3)  means  1  volume  of  the  reagent  or  strong 
solution  with  3  volumes  of  water;  “water”  means  distilled  water 
of  a  grade  suitable  for  the  test  described ;  reagents  used  in  making 
the  tests  are  supposed  to  be  of  the  grade  recommended  below  or 
in  previous  publications  ( 1 ,  2,  3,  4,  5)*  from  the  committee. 
Directions  for  the  preparation  of  the  ammonium  molybdate 
solution  are  given  under  the  test  for  phosphate  in  ammonium 
nitrate  (5).  A  time  of  5  minutes  is  to  be  allowed  for  the  appear¬ 
ance  of  precipitates  and  before  observation  of  color  reactions, 
unless  some  other  time  is  specified. 

Blank  tests  must  be  made  on  water  and  all  reagents  used  in  the 
tests  unless  the  directions  provide  for  elimination  of  errors  due 
to  impurities.  Solutions  of  samples  must  be  filtered  for  tests  in 
which  insoluble  matter  would  interfere. 

Bromine 

Note — Reagent  bromine  should  be  sold  in  sealed  ampouls.  The  re¬ 
quirements  and  tests  given  below  apply  to  such  bromine.  If  distributed 
in  bottles,  the  reagent  may  contain  organic  bromine  compounds  and  a 
larger  quantity  of  non-volatile  matter  derived  from  the  material  necessarily 
used  in  sealing  the  bottles. 

Requirements 

Specific  Gravity  ( limit  for  chlorine ) — To  pass  test. 

Non-Volatile  Matter — Not  more  than  0.015  per  cent. 

Iodine  (I) — To  pass  test  (limit  about  0.05  per  cent). 

Organic  Bromine  Compounds — -To  pass  test. 

Sulfur  Compounds — -Not  more  than  0.002  per  cent  as  S. 

Tests 

Specific  Gravity  ( [limit  for  chlorine) — Shake  6  volumes  of  the  bromine 
with  1  volume  of  water.  The  apparent  specific  gravity  at  25°/25°  C.  of 
the  bromine  saturated  with  water  should  be  not  less  than  3.099.  This 
corresponds  to  a  content  of  about  0.3  per  cent  chlorine. 

Non-Volatile  Matter — Volatilize  5  cc.  in  a  weighed  dish  on  the  steam 
bath.  The  weight  of  the  residue  should  not  exceed  0.0025  gram. 


1  Presented  in  connection  with  the  report  of  the  Committee  on  Ana¬ 
lytical  Reagents  at  the  77th  Meeting  of  the  American  Chemical  Society, 
Columbus,  Ohio,  April  29  to  May  3,  1929. 

*  Italic  numbers  in  parenthesis  refer  to  previous  reports  cited  at  end 
of  article. 


Iodine — Shake  1  cc.  with  50  cc.  of  water  and  about  3  grams  of  granulated 
zinc  until  all  the  bromine  is  reduced.  Filter  and  add  to  the  filtrate  1  cc. 
of  10  per  cent  ferric  chloride  solution  and  5  cc.  of  chloroform.  Shake  well. 
No  pink  or  violet  color  should  appear. 

Organic  Bromine  Compounds — -Add  1  cc.  of  bromine  to  25  cc.  of  10 
per  cent  sodium  hydroxide  solution,  dilute  with  an  equal  volume  of  water 
and  allow  to  stand  overnight.  No  oily  drops  or  film  should  separate. 

Sulfur  Compounds — Weigh  out  about  5  cc.  of  the  sample,  add  1  cc. 
of  nitric  acid,  allow  to  stand  one-half  hour,  and  evaporate  to  dryness  on 
the  steam  bath.  Take  up  with  a  few  drops  of  hydrochloric  acid  and  evapo¬ 
rate  again  to  dryness.  Take  up  in  water,  make  to  a  volume  of  about  50  cc., 
filter,  add  1  drop  of  hydrochloric  acid,  heat  to  boiling,  add  5  cc.  of  10  per  cent 
barium  chloride  solution,  and  allow  to  stand  overnight.  Filter,  wash,  and 
ignite  the  precipitate.  The  weight  of  sulfur  (S)  calculated  from  the  weight 
of  barium  sulfate  should  not  be  more  than  0.002  per  cent  of  the  weight  of 
bromine  tested. 

Cupric  Ammonium  Chloride 

Requirements 

Insoluble  Matter — -Not  more  than  0.005  per  cent. 

Free  Acid — To  pass  test. 

Nitrate  (NO3) — To  pass  test  (limit  about  0.01  per  cent). 

Sulfate  (SO4) — Not  more  than  0.010  per  cent. 

Substances  not  Precipitated  by  Hydrogen  Sulfide — Not  more  than  0.15 
per  cent. 

Iron  (Fe) — Not  more  than  0.005  per  cent. 

Tests 

Insoluble  Matter — ‘Dissolve  10  grams  in  100  cc.  of  water  and  heat  on 
the  steam  bath  for  1  hour.  If  any  insoluble  matter  is  present,  filter,  wash 
thoroughly,  and  dry  at  105°  to  110°  C.  The  weight  of  the  insoluble  residue 
should  not  exceed  0.0005  gram. 

Free  Acid — -Dissolve  4  grams  in  100  cc.  of  water  and  add  4  drops  of 
methyl  orange  indicator.  Divide  the  solution  into  two  equal  portions. 
Upon  adding  0.2  cc.  of  0.1  N  sodium  hydroxide  to  one  portion  the  purplish 
color  should  disappear. 

Nitrate — To  2  grams  of  the  salt  in  10  cc.  of  water  add  10  cc.  of  20  per  cent 
sodium  hydroxide  solution.  Boil  to  remove  all  ammonia,  and  filter.  To 
the  filtrate  add  10  cc.  of  sulfuric  acid  and  1  drop  of  indigo  solution  (1  in 
1000).  The  blue  color  should  not  entirely  disappear  in  5  minutes. 

Sulfate — To  the  filtrate  from  the  test  for  insoluble  matter  add  1  cc. 
of  hydrochloric  acid,  heat  to  boiling,  add  5  cc.  of  10  per  cent  barium  chloride 
solution,  and  allow  to  stand  overnight.  Filter,  wash,  ignite,  and  weigh. 
The  weight  of  the  barium  sulfate  should  not  exceed  0.0025  gram. 

Substances  not  Precipitated  by  Hydrogen  Sulfide — Dissolve  2  grams  in 
100  cc.  of  water,  add  1  cc.  of  sulfuric  acid,  precipitate  the  copper  with  hy¬ 
drogen  sulfide,  and  filter.  Evaporate  50  cc.  of  the  filtrate,  ignite,  and  weigh. 
The  weight  of  the  residue  should  not  exceed  0.0015  gram. 

Iron — Dissolve  the  residue  obtained  in  the  preceding  test  by  warming 
with  1  cc.  of  hydrochlolrc  acid,  dilute  with  25  cc.  of  water,  add  2  cc.  of 
hydrochloric  acid  and  3  cc.  of  10  per  cent  ammonium  thiocyanate  solution. 
Any  red  color  produced  should  correspond  to  not  more  than  0.05  mg.  of 
Fe. 

Cupric  Oxide,  Powdered  and  Granular 

Requirements 

Insoluble  in  Acid — Not  more  than  0.02  per  cent. 

Carbon  Compounds  (as  C) — Not  more  than  0.02  per  cent. 
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Chloride  (Cl) — Not  more  than  0.002  per  cent. 

Nitrogen  (N) — -Not  more  than  0.002  per  cent. 

Sulfate  (SO4) — -Not  more  than  0.03  per  cent. 

Free  Alkali — To  pass  test. 

Substances  not  Precipitated  by  Hydrogen  Sulfide — Not  more  than  0.25 
per  cent. 

Ammonium  Hydroxide  Precipitate  (Fe,  etc.) — -Not  more  than  0.10  per 

cent. 

Tests 

Insoluble  in  Acid — -Dissolve  5  grams  by  warming  on  the  steam  bath 
with  20  cc.  of  hydrochloric  acid  and  10  cc.  of  water,  dilute  with  about  100 
cc.  of  water,  filter  through  asbestos  in  a  Gooch  crucible,  wash  thoroughly, 
and  dry  at  105°  to  110°  C.  The  weight  of  the  residue  should  not  exceed 
0.0010  gram. 

Carbon  Compounds — Heat  0.6  gram  in  a  stream  of  carbon  dioxide-free 
air  or  oxygen  in  a  combustion  tube  and  pass  the  evolved  gas  through  10  cc. 
of  saturated  barium  hydroxide  solution  diluted  to  50  cc.  The  turbidity 
should  not  be  greater  than  is  produced  in  a  similar  solution  of  barium 
hydroxide  by  2  cc.  of  0.01  N  sodium  carbonate  solution. 

Chloride — Shake  1  gram  of  the  finely  powdered  sample  with  10  cc.  of 
water  and  2  cc.  of  nitric  acid  for  10  minutes.  Filter  if  necessary,  dilute 
the  filtrate  to  25  cc.,  and  add  1  cc.  of  0.1  N  silver  nitrate.  Any  turbidity 
produced  should  correspond  to  not  more  than  0.02  mg.  of  chloride  ion. 

Nitrogen — -Digest  on  the  steam  bath  3  grams  of  the  finely  powdered 
sample  with  30  cc.  of  10  per  cent  sodium  hydroxide  solution  for  1  hour, 
cool,  add  0.5  gram  of  aluminum  wire,  and  allow  to  stand  for  3  hours  pro¬ 
tected  from  access  or  loss  of  ammonia,  decant  10  cc.,  dilute  to  25  cc.,  and 
add  2  cc.  of  Nessler’s  solution.  Any  color  produced  should  correspond  to 
not  more  than  0.02  mg.  of  N  in  addition  to  the  amount  found  in  the  reagents. 

Sulfate — -Add  5  drops  of  bromine  to  the  filtrate  and  washings  obtained 
in  the  test  for  insoluble  matter.  Heat  to  boiling,  add  5  cc.  of  10  per  cent 
barium  chloride  solution,  and  allow  to  stand  overnight.  The  weight  of 
the  ignited  barium  sulfate  should  not  exceed  0.0040  gram. 

Free  Alkali — Boil  gently  3  grams  with  30  cc.  of  water  in  a  flask  for 
10  minutes.  Allow  to  cool,  add  water  to  restore  to  original  volume,  mix 
well,  and  allow  to  subside.  Decant  20  cc.  of  the  liquid  and  add  2  drops  of 
phenolphthalein.  No  red  color  should  be  produced. 

Substances  not  Precipitated  by  Hydrogen  Sulfide — -Dissolve  4  grams  by 
heating  with  20  cc.  of  hydrochloric  acid  and  10  cc.  of  water  and  dilute  to 
150  cc.  Pass  hydrogen  sulfide  to  precipitate  the  copper  completely  and 
filter.  Evaporate  75  cc.  of  the  filtrate  to  a  few  cc.,  add  5  drops  of  sulfuric 
acid,  evaporate  to  dryness,  and  ignite.  The  weight  of  the  residue  should 
not  be  more  than  0.0050  gram. 

Ammonium  Hydroxide  Precipitate — Dissolve  the  residue  obtained  in 
the  preceding  test  by  warming  with  3  cc.  of  hydrochloric  acid.  Dilute 
with  10  cc.  of  water  and  add  a  slight  excess  of  ammonium  hydroxide,  filter, 
wash,  and  ignite.  The  weight  of  the  ignited  precipitate  should  not  be  more 
than  0.0020  gram. 

Ether 

Note — 'Reagent  ether  should  be  stored  in  small  containers  protected 
from  light  to  retard  the  formation  of  peroxide. 

Requirements 

Specific  Gravity  at  25°/25°  C. — -Not  above  0.714. 

Non-Volatile  Matter — -Not  more  than  0.0015  per  cent. 

Acid  (as  acetic) — -Not  more  than  0.0015  per  cent. 

Aldehyde — 'To  pass  test. 

Peroxide — To  pass  test  (limit  about  0.001  as  H2O2). 

Substances  Darkened  by  Sulfuric  Acid — -To  pass  test. 

Tests 

Non-Volatile  Matter — -Allow  100  cc.  to  evaporate  in  a  dish  and  dry 
at  105°  to  110°  C.  for  1  hour.  The  weight  of  the  residue  should  not  exceed 
0.0010  gram. 

Acid — To  10  cc.  of  80  per  cent  alcohol  in  a  50-cc.  glass-stoppered  flask 
or  cylinder  add  0.5  cc.  of  phenolphthalein  solution  and  just  sufficient  0.02 
N  sodium  hydroxide  to  produce  a  pink  color  which  persists  after  shaking 
for  one-half  minute.  Then  add  25  cc.  of  the  ether,  stopper  the  flask,  mix 
gently,  and  add  again  0.02  N  sodium  hydroxide  until  the  pink  color  per¬ 
sists  after  shaking  for  one-half  minute.  Not  more  than  0.2  cc.  of  sodium 
hydroxide  should  be  required  to  produce  the  pink  color  after  addition  of  the 
ether. 

Aldehyde — -To  10  cc.  of  the  ether  add  5  cc.  of  approximately  normal 
potassium  hydroxide  solution.  Keep  at  25°  C.,  protected  from  strong  sun¬ 
light,  and  shake  occasionally  for  1  hour.  No  color  should  appear. 

Peroxide — -To  10  cc.  of  the  ether  contained  in  a  small,  clean  glass- 
stoppered  cylinder  previously  rinsed  with  a  portion  of  the  ether  under 
examination,  add  1  cc.  of  a  freshly  prepared  10  per  cent  solution  of  potassium 
iodide.  Shake  and  allow  to  stand  for  1  minute.  No  yellow  color  should 
be  observable  in  either  layer.  Note — -Fresh  ether  should  meet  this  test, 
but  after  storage  for  several  months  peroxide  may  be  formed. 


Substances  Darkened  by  Sulfuric  Acid — Cool  10  cc.  of  sulfuric  acid  to 
about  10°  C.  and  add  drop  by  drop  with  gentle  stirring  10  cc.  of  the  ether. 
The  resulting  mixture  should  not  possess  more  than  a  faint  color. 

Ether,  Absolute 

Requirements 

Specific  Gravity  ( apparent )  at  25.0°/ 25.0°  C. — Not  above  0.7100. 

Non-Volatile  Matter — -Not  more  than  0.0015  per  cent. 

Acid  (as  acetic) — Not  more  than  0.0015  per  cent. 

Aldehyde — To  pass  test. 

Peroxide — -To  pass  test  (limit  about  0.001  per  cent  as  H2O2). 

Substances  Darkened  by  Sulfuric  Acid — -To  pass  test. 

Tests 

All  tests  to  be  the  same  as  for  Ether  (not  absolute). 

Potassium  Chromate 

Requirements 

Insoluble  Matter — Not  more  than  0.005  per  cent. 

Chloride  (Cl) — To  pass  test  (limit  about  0.005  per  cent). 

Free  Alkali — -To  pass  test. 

Sulfate  (SO4) — -Not  more  than  0.05  per  cent. 

Calcium  (Ca) — Not  more  than  0.005  per  cent. 

Sodium  (Na) — -To  pass  test  (limit  about  0.01  per  cent). 

Tests 

Insoluble  Matter — -Dissolve  10  grams  in  50  cc.  of  water  and  heat  on 
the  steam  bath  for  1  hour.  If  insoluble  matter  is  present,  filter  through 
asbestos  in  a  Gooch  crucible,  wash  thoroughly,  and  dry  at  105°  to  110°  C. 
The  weight  of  the  insoluble  residue  should  not  exceed  0.0005  gram. 

Chloride — -Dissolve  1  gram  in  20  cc.  of  water,  add  10  cc.  of  nitric  acid, 
heat  to  about  50°  C.,  and  add  a  few  drops  of  0.1  N  silver  nitrate.  No 
turbidity  should  develop  within  5  minutes. 

Free  Alkali — -Dissolve  1  gram  in  50  cc.  of  water,  cool  to  15°  C.,  and  add 
2  drops  of  phenolphthalein  solution.  If  a  pink  color  is  produced,  it  should 
be  discharged  by  the  addition  of  0.2  cc.  of  0.1  A  acid. 

Sulfate — Dissolve  10  grams  in  250  cc.  of  water  and  4.5  cc.  of  hydro¬ 
chloric  acid.  Heat  to  boiling  and  add  25  cc.  of  a  solution  containing  1 
gram  of  barium  chloride  and  2  cc.  of  hydrochloric  acid  per  100  cc.  of  solu¬ 
tion.  Digest  on  the  steam  bath  for  2  hours  and  allow  to  stand  at  room 
temperature  overnight.  If  any  precipitate  forms,  filter,  wash,  and  ignite 
it.  Fuse  the  residue  with  1  gram  of  sodium  carbonate.  Extract  the  fused 
mass  with  water  and  filter  off  the  insoluble  residue.  Add  5  cc.  of  hydro¬ 
chloric  acid  to  the  filtrate,  dilute  to  about  200  cc.,  heat  to  boiling,  and  add 
10  cc.  of  alcohol.  Digest  on  the  steam  bath  until  reduction  of  chromate 
is  complete  as  indicated  by  the  change  to  a  clear  green  or  colorless  solution. 
Neutralize  the  solution  with  ammonium  hydroxide  and  add  2  cc.  of  hydro¬ 
chloric  acid.  Heat  to  boiling  and  add  10  cc.  of  a  10  per  cent  solution  of 
barium  chloride.  Digest  on  the  steam  bath  for  2  hours  and  allow  to  stand 
overnight.  Filter,  ignite,  and  weigh. 

Calcium — Dissolve  5  grams  in  50  cc.  of  water,  add  a  few  drops  of  am¬ 
monium  hydroxide  and  5  cc.  of  4  per  cent  ammonium  oxalate  solution,  and 
allow  to  stand  overnight.  If  a  precipitate  is  formed,  it  should  not  be 
greater  than  is  formed  in  a  slightly  ammoniacal  solution  of  equal  volume 
containing  0.25  mg.  of  calcium  and  5  cc.  of  4  per  cent  ammonium  oxalate 
solution. 

Sodium — -A  10  per  cent  solution  should  impart  no  distinct  yellow  color 
to  the  flame  when  tested  on  a  platinum  wire. 

Potassium  and  Sodium  Tartrate 

Requirements 

Insoluble  Matter — -Not  more  than  0.005  per  cent. 

Neutrality — To  pass  test. 

Chloride  (Cl) — -Not  more  than  0.001  per  cent. 

Phosphate  (PO-i) — -Not  more  than  0.002  per  cent. 

Sulfate  (SO4) — Not  more  than  0.006  per  cent. 

Ammonia  (NH3) — Not  more  than  0.002  per  cent. 

Calcium  (Ca) — -To  pass  test  (limit  about  0.005  per  cent). 

Heavy  Metals — To  pass  test  (limit  about  0.0005  per  cent  lead). 

Iron  (Fe) — -Not  more  than  0.001  per  cent. 

Tests 

Insoluble  Matter — Dissolve  10  grams  in  100  cc.  of  water  and  allow  to 
stand  on  the  steam  bath  for  1  hour.  If  insoluble  matter  is  present,  filter 
through  asbestos  in  a  Gooch  crucible,  wash  thoroughly,  and  dry  at  105° 
to  110°  C.  The  weight  of  the  residue  should  not  exceed  0.0005  gram. 

Neutrality — To  a  solution  of  2  grams  in  20  cc.  of  water  add  2  drops  of 
phenolphthalein  solution.  No  pink  color  should  be  produced.  On  the 
subsequent  addition  of  0.1  cc.  of  0.1  N  sodium  hydroxide  a  pink  color  should 
be  produced. 
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Chloride — To  a  solution  of  2  grams  in  20  cc.  of  water  add  5  cc.  of  nitric 
acid  and  1  cc.  of  approximately  0.1  N  silver  nitrate  solution.  Any  tur¬ 
bidity  should  not  be  greater  than  is  produced  by  0.02  mg.  of  chloride  ion 
in  an  equal  volume  of  solution  containing  the  quantities  of  acid  and  silver 
nitrate  used  in  the  test. 

Phosphate — Ignite  5  grams  in  a  platinum  dish,  treat  the  residue  with 
about  40  cc.  of  water,  and  add  a  slight  excess  of  nitric  acid.  Warm,  filter, 
nearly  neutralize  with  ammonium  hydroxide,  add  25  cc.  of  ammonium 
molybdate  solution,  shake  (at  about  40°  C.)  for  5  minutes,  and  allow  to 
stand  half  an  hour.  Any  precipitate  formed  should  not  be  greater  than  is 
produced  when  a  quantity  of  an  alkali  phosphate  containing  0.1  mg.  of 
phosphate  (POi)  is  treated  according  to  the  above  procedure. 

Sulfate — -To  the  filtrate  obtained  in  the  test  for  insoluble  matter,  which 
should  measure  about  200  cc.,  add  10  cc.  of  hydrochloric  acid,  heat  to 
boiling,  and  add  5  cc.  of  10  per  cent  barium  chloride  solution.  Allow  to 
stand  overnight.  If  a  precipitate  is  formed,  filter,  wash,  and  ignite.  The 
weight  of  the  barium  sulfate  should  not  exceed  0.0015  gram. 

Ammonia — Dissolve  2  grams  in  25  cc.  of  water,  add  2  cc.  of  10  per  cent 
sodium  hydroxide  solution  and  2  cc.  of  Nessler’s  reagent.  The  color  should 
not  be  more  than  is  produced  by  0.04  mg.  of  NH3  in  an  equal  volume  of 
solution  containing  the  quantities  of  sodium  hydroxide  and  Nessler’s 
reagent  used  in  the  test. 

Calcium — dissolve  1  gram  in  10  cc.  of  water  and  add  1  cc.  of  4  per  cent 
ammonium  oxalate  solution.  No  turbidity  should  be  produced  in  10 
minutes. 

Heavy  Metals — Dissolve  2  grams  in  15  cc.  of  water,  add  10  cc.  of  hy¬ 
drogen  sulfide  solution  and  a  few  drops  of  ammonium  hydroxide.  No  darken¬ 
ing  should  occur. 

Iron — Dissolve  2  grams  in  20  cc.  of  water  and  add  5  cc.  of  hydrochloric 
acid.  Add  5  drops  of  nitric  acid  and  boil  for  a  minute.  Cool  and  add  2  cc. 
of  10  per  cent  ammonium  thiocyanate  solution.  Any  red  color  produced 
should  correspond  to  not  more  than  0.02  mg.  of  Fe. 

Silver  Sulfate 

Requirements 

Insoluble  and  Chloride — -Not  more  than  0.020  per  cent. 

Nitrate  (NOa) — Not  more  than  0.001  per  cent. 

Substances  not  Precipitated  by  Hydrochloric  Acid — Not  more  than 
0.03  per  cent. 

Iron  (Fe) — Not  more  than  0.002  per  cent. 

Tests 

Insoluble  and  Chloride — Add  5  grams  of  the  powdered  salt  to  500  cc. 
of  boiling  water  and  boil  gently  until  the  silver  sulfate  is  dissolved.  If 
any  insoluble  residue  remains,  filter  hot  through  asbestos  in  a  Gooch  crucible, 
wash  with  hot  water  till  the  washings  give  no  reaction  with  hydrogen  sulfide. 
Dry  at  105°  to  110°  C.  The  weight  of  the  residue  should  not  exceed  0.0010 
gram. 

Nitrate — To  0.5  gram  of  the  powdered  salt  add  2  cc.  of  phenoldisulfonic 
acid  (prepared  according  to  directions  in  Standard  Methods  of  Water 
Analysis  published  by  the  American  Public  Health  Association).  Heat 
on  the  water  bath  for  15  minutes,  cool,  dilute,  cool,  and  make  alkaline  with 
ammonium  hydroxide.  Any  yellow  color  should  not  be  greater  than  is 
produced  by  a  quantity  of  potassium  nitrate  containing  0.005  mg.  of  NOa 
when  treated  with  the  same  quantities  of  reagents. 

Substances  not  Precipitated  by  Hydrochloric  Acid — Heat  to  boiling  the 
filtrate  obtained  in  the  test  for  insoluble  and  chloride,  add  5  cc.  of  hydro¬ 
chloric  acid,  and  allow  to  stand  overnight.  Make  up  to  500  cc.  and  filter. 
Evaporate  250  cc.  of  the  filtrate  to  dryness,  ignite  at  low  red  heat,  and 
weigh.  Run  a  blank  test  and  deduct  the  weight  obtained  from  that  obtained 
in  the  test.  The  corrected  weight  of  the  residue  should  not  exceed  0.0008 
gram. 

Iron — Dissolve  the  residue  obtained  in  the  preceding  test  by  warming 
with  a  few  drops  of  hydrohcloric  acid.  Dilute  to  25  cc.,  add  3  cc.  of  hydro¬ 
chloric  acid  and  3  cc.  of  10  per  cent  ammonium  thiocyanate  solution.  Any 
red  color  produced  should  correspond  to  not  more  than  0.05  mg.  of  Fe. 

Zinc,  Low  in  Arsenic 

Requirement 

Arsenic  (As) — Not  more  than  0.00002  per  cent. 

Iron  (substances  oxidized  by  permanganate  as  Fe) — Not  more  than 
0.017  per  cent. 

Insoluble  in  Sulfuric  Acid — Not  more  than  0.50  per  cent. 

Tests 

Arsenic — Test  10  grams  by  the  U.  S.  Pharmacopeia  method,  using  12 
cc.  of  arsenic-free  sulfuric  acid  or  40  cc.  of  arsenic-free  hydrochloric  acid, 
diluted  with  about  70  cc.  of  water.  Any  stain  produced  should  not  be 
greater  than  is  produced  by  0.002  mg.  of  As,  allowance  being  made  for  the 
blank. 

Iron  (substances  oxidized  by  permanganate  as  Fe) — Heat  10  grams 


with  a  mixture  of  15  cc.  of  sulfuric  acid  and  100  cc.  of  water  in  a  flask  pro¬ 
vided  with  a  rubber  valve.  When  the  zinc  has  dissolved,  titrate  the  solu¬ 
tion  with  0.1  N  potassium  permanganate.  Not  more  than  0.3  cc.  should 
be  required  to  produce  a  pink  color,  correcting  for  the  blank  and  end  point. 

Insoluble  in  Sulfuric  Acid — If  an  insoluble  residue  remains  when  the 
zinc  is  dissolved  in  the  test  for  iron,  filter  the  solution  after  titration  with 
permanganate.  Wash  the  residue  with  hot  water  and  dry  it  at  105°  to 
110°  C.  Its  weight  should  not  exceed  0.0500  gram. 

Zinc,  Low  in  Lead  and  Iron 

Requirements 

Arsenic  (As) — Not  more  than  0.0003  per  cent. 

Iron  (substances  oxidized  by  permanganate  as  Fe) — Not  more  than 
0.006  per  cent. 

Lead  (Pb) — Not  more  than  0.010  per  cent. 

Tests 

Arsenic — Test  2  grams  by  the  U.  S.  Pharmacopeia  method,  using  4 
cc.  of  arsenic-free  sulfuric  acid  or  10  cc.  of  arsenic-free  hydrochloric  acid, 
diluted  with  about  25  cc.  of  water.  Any  stain  produced  should  represent 
not  more  than  0.006  mg.  of  As,  allowance  being  made  for  the  blank. 

Iron  (substances  oxidized  by  permanganate) — Heat  20  grams  with  a 
mixture  of  20  cc.  of  sulfuric  acid  and  100  cc.  of  water  in  a  flask  provided 
with  a  rubber  valve.  When  the  zinc  has  dissolved,  add  drop  by  drop 
0.1  N  potassium  permanganate  till  a  pink  color  persists  for  30  seconds. 
Not  more  than  0.20  cc.  of  the  permanganate  should  be  required,  correction 
being  made  for  the  blank  and  end  point. 

Lead — ’If  an  insoluble  residue  remains  when  the  zinc  is  dissolved  in 
the  test  for  iron,  filter  the  solution  after  titration  with  permanganate  and 
wash  the  residue  with  water.  Transfer  the  residue  to  a  small  dish  or  cru¬ 
cible  and  dissolve  it  by  warming  with  dilute  nitric  acid  (1  +  2),  adding 
also  a  little  hydrochloric  acid,  if  necessary,  to  aid  solution.  When  dis¬ 
solved,  add  about  1  cc.  of  sulfuric  acid,  evaporate,  and  heat  until  fumes  of 
sulfur  trioxide  are  freely  evolved.  Cool.  Add  cautiously  10  cc.  of  water, 
follow  with  10  cc.  of  alcohol.  Mix  and  allow  to  stand  for  1  hour.  Filter 
through  a  Gooch  crucible.  Wash  with  50  per  cent  alcohol  containing  some 
sulfuric  acid  and  ignite  gently.  The  weight  of  the  lead  sulfate  should  not 
exceed  0.0030  gram. 

Corrections  for  Published  Specifications 

Replace  the  tests  previously  printed  by  the  following: 

Acid  Oxalic  ( 1 ) 

Sulfate — Dissolve  10  grams  in  200  cc.  of  hot  water,  add  2  cc.  of  hydro¬ 
chloric  acid  and  2  cc.  of  10  per  cent  barium  chloride  solution  diluted  to 
20  cc.  Allow  to  stand  overnight,  filter,  wash,  ignite,  and  weigh.  The 
weight  of  the  ignited  precipitate  should  not  exceed  0.0005  gram. 

Amyl  Alcohol  ( 2 ) 

Substances  Darkened  by  Sulfuric  Acid — Cool  10  cc.  of  the  alcohol  and 
10  cc.  of  sulfuric  acid  to  10°  C.,  mix  and  shake  for  5  minutes.  No  more 
than  a  slight  brown  color  should  appear. 

Barium  Hydroxide  ( 3 ) 

Insoluble  in  Hydrochloric  Acid — Dissolve  10  grams  in  100  cc.  of  water 
and  10  cc.  of  hydrochloric  acid.  Heat  on  the  steam  bath  for  1  hour,  filter 
through  asbestos  in  a  Gooch  crucible,  wash  thoroughly,  dry  at  105°  to 
110°  C.,  and  weigh.  The  weight  of  the  residue  should  not  be  more  than 
0.0010  gram. 

Cupric  Sulfate  (3) 

Insoluble  Matter — dissolve  10  grams  in  100  cc.  of  water  and  3  cc.  of 
sulfuric  acid.  Filter  through  asbestos  in  a  Gooch  crucible,  wash  thoroughly, 
dry  at  105°  to  110°  C.,  and  weigh.  The  weight  of  the  residue  should  not 
exceed  0.0010  gram. 

Potassium  Dichromate  (/) 

Requirements 

Sulfate  (SO4) — Not  more  than  0.005  per  cent. 

Test 

Sulfate — Dissolve  10  grams  in  250  cc.  of  water.  Heat  to  boiling  and  add 
25  cc.  of  a  solution  containing  1  gram  of  barium  chloride  and  2  cc.  of  hydro¬ 
chloric  acid  per  100  cc.  of  solution.  Digest  on  the  steam  bath  for  2'  hours 
and  allow  to  stand  at  room  temperature  overnight.  If  any  precipitate  forms 
filter,  wash,  and  ignite  it.  Fuse  the  residue  with  1  gram  of  sodium  carbon¬ 
ate.  Extract  the  fused  mass  with  water  and  filter  off  the  insoluble  residue. 
Add  5  cc.  of  hydrochloric  acid  to  the  filtrate,  dilute  to  about  200  cc.,  heat 
to  boiling,  and  add  10  cc.  of  alcohol.  Digest  on  the  steam  bath  until  re¬ 
duction  of  chromate  is  complete  as  indicated  by  the  change  to  a  clear  green 
or  colorless  solution.  Neutralize  the  solution  with  ammonium  hydroxide 
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and  add  2  cc.  of  hydrochloric  acid.  Heat  to  boiling  and  add  10  cc.  of  a 
10  per  cent  solution  of  barium  chloride.  Digest  on  the  steam  bath  for  2 
hours  and  allow  to  stand  overnight.  Filter,  ignite,  and  weigh.  Determina¬ 
tions  of  0.005  per  cent  of  sulfate  or  more  should  be  corrected  by  a  blank 
on  the  sodium  carbonate. 

Silver  Nitrate  (1) 

Requirement 

Sulfate  (SOi) — Not  more  than  0.005  per  cent. 

Test 

Sulfate — -Dissolve  5  grams  in  100  cc.  of  water,  heat  to  boiling,  and  add 
4  cc.  of  hydrochloric  acid  previously  diluted  to  10  cc.  Allow  to  stand  over¬ 


night,  filter,  wash  with  50  cc.  of  hot  water,  and  evaporate  the  filtrate  to 
dryness  on  the  steam  bath.  Take  up  the  residue  with  a  small  amount  of 
water,  add  1  cc.  of  dilute  hydrochloric  acid  (1  +  19),  filter,  and  make  up  to 
10  cc.  Add  1  cc.  of  10  per  cent  barium  chloride  solution.  The  turbidity 
should  not  be  greater  than  is  produced  by  0.25  mg.  of  SO<  in  the  same  volume 
of  solution  with  the  quantities  of  acid  and  barium  chloride  used  in  the 
test. 

Specifications  Previously  Published 

(1)  Committee  on  Analytical  Reagents.  Ind.  Eng.  Chem.,  17,  756  (1925). 

(2)  Ibid.,  18,  636,  759  (1926). 

(3)  Ibid.,  19,  645  (1927). 

(4)  Ibid.,  19,  1369  (1927). 

(5)  Ibid.,  20,  979  (1928). 


Importance  of  Temperature  and  Humidity  Control 

in  Rubber  Testing 

II— Resistance  to  Abrasion1 

Report  of  the  Physical  Testing  Committee  of  Division  of  Rubber  Chemistry  of  the  American  Chemical  Society 


IN  A  previous  report  of  the  Physical  Testing  Committee, 
Ind.  Eng.  Chem.,  20,  1245  (1928),  attention  was  called  to  the 
fact  that  the  temperature  of  testing  has  a  considerable  effect 
upon  the  stress-strain  relation  of  rubber  compounds  and  that 
relative  humidity,  between  the  mixing  and  the  curing  of  the 
compounds,  also  affects  the  stress-strain  relation.  The  com¬ 
mittee,  therefore,  decided  to  extend  the  investigation  to  include 
the  effect  of  these  same  variables  upon  the  resistance  to  abrasion. 

Since  there  is  no  accepted  satisfactory  method  of  determining 
the  resistance  to  abrasion,  it  was  decided  to  use  two  machines 
which  differ  quite  widely  in  principle.  The  machines  used  in 
this  investigation  are  the  Grasselli  abrader,  which  works  upon 
the  Prony  brake  principle  [Williams,  Ind.  Eng.  Chem.,  19, 
674  (1927)]  and  gives  results  in  volume  loss  per  horsepower- 
hour,  and  the  U.  S.  abrader,  which  measures  the  volume  loss 
per  hour.  These  machines  were  chosen  by  the  committee, 
not  with  the  belief  that  the  results  obtained  by  their  use  were  a 
true  criterion  of  the  actual  wearing  qualities  of  the  compounds 
under  service  conditions,  but  to  show  the  differences  in  results, 
if  any,  due  to  variations  in  temperature  and  humidity  during 
the  preparation  and  testing  of  samples.  The  four  compounds 
used  are  numbers  1,  4,  and  5,  which  were  used  in  the  investiga¬ 
tion  of  the  stress-strain  relation,  and  another  compound  desig¬ 
nated  as  number  6.  This  selection  provides  for  study  a  labora¬ 
tory  test  compound,  two  high-grade  tread  compounds  con¬ 
taining  two  widely  different  types  of  organic  accelerators,  and  a 
compound  which  represents  a  commercial  heel  compound. 
Three  cures  of  each  compound  were  tested.  The  formulas 
are  given  in  Table  I. 


Table  I — Test  Formulas 


Ingredient 

Stock  1 

Stock  4 

Stock  5 

Stock  6 

Smoked  sheets 

100 

100 

100 

100 

Zinc  oxide 

5 

5 

5 

12.31 

Sulfur 

3 

3 . 5 

3.5 

8.62 

Carbon  black 

40 

40 

43.08 

Di-o-tolylguanidine 

0.75 

1.25 

1.54 

Mercaptobenzothiazole 

i.o 

Stearic  acid 

3.0 

Mineral  rubber 

5.0 

Pine  tar 

2.0 

2.0 

Whole-tire  reclaim 

278.16 

Barytes 

123.08 

Dixie  clay 

45 . 54 

Paraffin 

3.08 

The  investigation  naturally  divides  itself  into  three  phases 
which  are: 

1  Publication  approved  by  the  director  of  the  Bureau  of  Standards  of 
the  U.  S.  Department  of  Commerce. 


(1)  The  study  of  the  four  compounds  prepared  under  identical 
conditions  as  regards  conditioning  both  in  the  raw  and  cured 
state  at  45  per  cent  relative  humidity  and  82°  F.  (27.8°  C.) 
but  tested  at  15°,  25°,  and  35°  C. 

(2)  The  study  of  the  compounds  conditioned  before  vulcani¬ 
zation  at  10,  40,  70,  and  100  per  cent  relative  humidity  at  82° 
F.  (27.8°  C.)  and  conditioned  cured  at  45  per  cent  relative 
humidity  at  82°  F.  (27.8°  C.)  before  finally  testing  at  82°  F. 
(27.8°  C.). 

(3)  The.  study  of  the  effect  of  three  temperatures  59°  F. 
(15°  C.),  82°  F.  (27.8°  C.),  and  95°  F.  (35°  C.)  while  main¬ 
taining  a  relative  humidity  of  45  per  cent  during  the  conditioning 
of  the  cured  stock  previous  to  testing  at  82°  F.  (28.7°  C.). 

To  control  the  temperature  during  testing,  the  Grasselli 
abrader  was  placed '  in  a  wooden  cabinet  and  the  temperature 
of  the  air  blast  controlled  by  passing  the  air  through  a  100- 
foot  (30.5-meter)  coil  of  Vs-inch  (9-mm.)  copper  tubing  within 
a  bath  which  was  heated  or  cooled  as  required.  The  temperature 
of  the  bath  was  found  not  to  be  so  important  in  determining 
the  temperature  of  the  blast  when  it  reached  the  abrasive  as 
the  temperature  of  the  cabinet  itself,  although  necessarily  it 
had  some  influence.  The  air  of  the  blast  was  cooled  by  expan¬ 
sion,  but  it  also  aspirated  air  of  the  chamber  and  mixed  with  it 
so  that  there  was  no  simple  relation  between  the  temperature 
of  the  blast  as  it  reached  the  abrasive  and  the  temperature 
of  the  bath.  Heat  was  also  lost  or  gained  (depending  upon 
the  temperature  used)  between  the  bath  and  the  orifices  in 
spite  of  careful  lagging  of  the  pipes.  Adjustment  of  tempera¬ 
tures  was  made  by  repeated  trials  and  temperatures  taken 
with  a  thermometer  where  the  blast  met  the  abrasive.  Tempera¬ 
tures  were  taken  also  by  placing  a  thermocouple  in  a  hole  bored 
in  the  arm  of  the  machine  back  of  the  sample  being  abraded. 
This  temperature  toward  the  end  of  a  run  was  from  1  to  2  de¬ 
grees  higher  than  the  temperatures  of  the  blast  or  cabinet, 
which  were  equal.  When  the  samples  were  being  abraded  at 
15°  C.,  it  was  found  necessary  to  place  a  cake  of  ice  in  the  cabinet 
and  allow  an  electric  fan  to  play  upon  it  as  an  auxiliary  cooling 
device  to  offset  the  heat  generated  by  the  motor. 

This  method  of  temperature  control  was  rather  crude,  but 
as  it  was  considered  impractical  to  introduce  a  large  amount 
of  rubber  dust  into  the  constant -temperature  room  of  the  bureau, 
the  cabinet  plan  was  used.  By  careful  control  of  temperature 
of  the  air  blast  and  constant  manipulation  of  the  fan,  tempera¬ 
tures  were  maintained  in  the  cabinet  within  ±1°  C. 

When  testing  with  the  U.  S.  abrader,  air  of  a  definite  tempera¬ 
ture  controlled  within  ±1°  C.  was  introduced  into  the  cabinet 
and  well  mixed  by  an  electric  fan.  Ice  had  to  be  used  at  the 
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low  temperature,  as  with  the  Grasselli  machine,  to  compensate 
for  the  heat  generated  by  the  two  motors  of  this  abrader.  Tem¬ 
peratures  of  the  test  pieces  were  taken  near  the  end  of  the  run 
by  placing  a  thermocouple  between  the  piece  and  the  upper  edge 
of  the  slot.  This  temperature  was  from  1  to  1.5  degrees  higher 
than  the  temperature  of  the  cabinet. 

In  testing  with  the  U.  S.  abrader,  the  corresponding  cures 
of  the  four  stocks  were  tested  simultaneously  and  the  check 
run  was  made  by  varying  the  order  of  the  stocks  in  the  different 
positions.  In  positions  1,  2,  3,  and  4  were  placed  stocks  6, 
1,  5,  and  4,  respectively,  while  the  duplicate  determination  was 
made  with  positions  1,  2,  3,  and  4  occupied,  respectively,  by 
stocks  4,  6,  1,  and  5.  No  consistent  relationship  was  found 
due  to  changing  the  position  of  the  stocks  in  this  manner. 

In  the  absence  of  definite  information  as  to  the  agreement  to 
be  expected  between  duplicate  determinations,  it  was  estimated 
that  the  limit  of  allowable  error  might  be  placed  at  5  per  cent. 
Hence  results  were  redetermined  if  the  divergence  between 
duplicate  runs  was  greater  than  5  per  cent.  As  a  result  of  this 
ruling  only  three  redeterminations  were  required  during  the 
investigation.  In  the  majority  of  cases  the  divergence  was 
about  2  per  cent.  Each  machine  showed  nearly  the  same 
differences  between  check  determinations. 

The  Grasselu  abrader,  in  general,  shows  greater  differences 
due  to  cure  than  does  the  U.  S.  abrader,  perhaps  because  the 
latter  machine  requires  much  larger  samples  than  the  Grasselli 
machine. 

No  comparison  of  the  relative  merits  of  the  two  abraders  can 
be  made  because  no  knowledge  is  at  hand  concerning  wear  of 
the  compounds  under  service  conditions.  Since  it  is  possible 
to  abrade  five  samples  simultaneously  with  the  U.  S.  abrader, 
more  comparisons  can  be  made  with  it  in  the  same  length  of 
time  than  with  the  Grasselli  abrader.  The  ratio  in  favor  of 
the  U.  S.  abrader  in  this  respect  is  nearly  2  to  1. 

The  rubber  used  in  this  investigation  was  taken  from  the  same 
lot  of  smoked  sheets  previously  prepared  by  the  Fisk  Rubber 
Company  and  used  in  the  study  of  the  stress-strain  relation. 

Part  I — Effect  of  Temperature  during  Testing 

The  batches  were  prepared  on  a  24-inch  (60.9-cm.)  mill  and, 
after  mixing,  the  speed  of  the  rolls  was  reduced  so  that  a  uniform 
sheet  0.10  inch  (2.5  mm.)  in  thickness  was  obtained.  The 
sheet  was  then  cut  into  slabs  6  by  6  inches  (15.2  by  15.2  cm.) 
for  conditioning  at  45  per  cent  relative  humidity  at  82°  F. 
(27.8°  C.)  for  24  hours  before  curing.  In  addition,  slabs  for 
the  middle  cure  of  each  stock  were  conditioned  48  hours  and  72 
hours  before  curing.  After  conditioning,  the  slabs  were  removed 
from  the  chambers  and  plied  to  proper  thickness  for  the  molds. 
Cured  slabs  12  by  2  by  1/2  inch  (30.5  X  5.1  X  1.3  cm.)  were 
prepared  for  the  U.  S.  abrader  and  the  regular  molds  supplied 
with  the  Grasselli  abrader  were  used  for  the  preparation  of  its 
test  pieces.  The  slabs  for  the  U.  S.  abrader  were  cured  in  an 
aluminum  frame  between  thin  sheets  of  aluminum.  In  all 
cases  the  compound  was  so  placed  in  the  mold  that  abrasion 
would  take  place  in  the  direction  of  the  grain. 

Table  II  gives  the  values  obtained  with  both  abraders  at 
the  three  temperatures.  Table  III  gives  results  obtained  with 
the  Grasselli  abrader,  disregarding  the  power  consumption. 
The  results  of  the  24-hour  exposures  are  likewise  shown  graphi¬ 
cally  in  Charts  1  to  3,  inclusive. 

From  a  study  of  the  results,  it  is  evident  that  within  the  range 
of  temperature  investigated  the  effect  due  to  temperature  during 
testing  varies  both  in  degree  and  direction  with  the  compound 
used.  These  differences  amount  to  as  much  as  25  per  cent 
with  some  of  the  compounds.  The  results  from  conditioning 
the  raw  stock  for  longer  than  24  hours  showed  differences  only 
within  the  range  of  experimental  error,  so  that  no  conclusive 
significance  can  be  attached  to  them. 

Part  II — Effect  of  Relative  Humidity  between  Mixing  and 
Vulcanization 

Immediately  after  mixing  and  sheeting  to  a  thickness  of 
0.1  inch  (2.5  mm.),  the  raw  stocks  were  exposed  in  cabinets 
to  atmospheres  of  10,  40,  70,  and  100  per  cent  relative  humidities 


at  82°  F.  (27.8°  C.)  for  a  period  of  24  hours  before  vulcanization. 
Each  compound  was  given  three  cures  as  was  done  in  Part  I. 
In  addition,  raw  stock  was  exposed  for  48  and  72  hours  before 
giving  it  the  middle  cure. 

Table  II — Resistance  to  Abrasion  at  Different  Temperatures  of 

Testing 

U.  S.  abrader,  expressed  in  cubic  centimeters  loss  per  hour;  Grasselli  abrader, 
expressed  in  cubic  centimeters  loss  per  horsepower-hour) 


Time 

Condi- 

Stock  TIONED 
before 
Cur¬ 
ing 

Cure 

Tested  on 

U.  S.  Abrader  at: 

Tested  on 

Grasselli  Abrader  at; 

15°  C. 

25°  C. 

35°  C. 

15°  C. 

25°  C. 

35°  C. 

Hours  Min. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

At 

141.8°  C. 

1 

24 

30 

6.47 

5.84 

4.60 

416 

360 

313 

24 

45 

5 . 05 

4.72 

3.87 

290 

260 

202 

48 

45 

4.68 

4.66 

3.80 

287 

269 

206 

72 

45 

4.72 

4.69 

3.69 

295 

269 

207 

24 

60 

4.42 

4.18 

3.92 

252 

221 

182 

4 

24 

30 

4.68 

4.69 

4.12 

316 

289 

262 

24 

45 

4.37 

4.20 

4.25 

288 

266 

244 

48 

45 

4.31 

4.23 

4.19 

295 

269 

249 

72 

45 

4.30 

4.01 

4.41 

293 

273 

244 

24 

60 

4.42 

3.85 

3.96 

282 

257 

240 

At 

126.1°  C. 

5 

24 

45 

3.11 

3.73 

3  32 

160 

220 

230 

24 

60 

3.22 

3.05 

2.90 

194 

218 

203 

48 

60 

3.09 

3.09 

2.79 

194 

217 

197 

72 

60 

3.13 

2.93 

2.69 

194 

218 

198 

24 

90 

2.67 

2.55 

2.29 

184 

170 

153 

At 

157.2°  C. 

6 

24 

9 

7.68 

9.06 

10.47 

765 

823 

903 

24 

12 

7.99 

8.75 

11.00 

728 

766 

865 

48 

12 

7.75 

8.71 

11.00 

719 

777 

869 

72 

12 

7.89 

8.77 

10.99 

721 

785 

872 

24 

15 

8.02 

8.88 

10.95 

704 

755 

850 

Table  III — Resistance  to  Abrasion  at  Different  Temperatures  of 
Testing  on  Grasselli  Abrader,  Disregarding  Power  Consumption 

(Expressed  in  cubic  centimeters  loss  per  hour) 


Stock 

Time 

Conditioned 

before 

Curing 

Cure 

Tested  at: 

15°  C. 

25°  C. 

35°  C. 

Hours 

Min. 

At 

141.8°  C. 

Cc. 

Cc. 

Cc. 

1 

24 

30 

9.20 

7.25 

6.27 

24 

45 

6.08 

5 . 05 

3.61 

48 

45 

5.98 

5.25 

3.74 

72 

45 

6.20 

5.20 

3.91 

24 

60 

4.16 

4.23 

3.01 

4 

24 

30 

6.45 

5.88 

5.02 

24 

45 

5.27 

4.80 

4.16 

48 

45 

5.41 

4.87 

4.25 

72 

45 

5.37 

4 . 85 

4.18 

24 

60 

At 

126.1°  C. 

5.20 

4.59 

4.01 

5 

24 

45 

3.91 

4.91 

4.92 

24 

60 

4.27 

4.79 

4.10 

48 

60 

4.27 

4 . 53 

3.78 

72 

60 

4.28 

4.71 

3.77 

24 

90 

At 

157.2°  C. 

3  27 

3  36 

2.74 

6 

24 

9 

11.57 

12.49 

12.97 

24 

12 

11.22 

11.58 

12.54 

48 

12 

11.07 

11.63 

12.48 

72 

12 

11.12 

11.74 

12.38 

24 

15 

11.19 

11.41 

12.13 

The  cured  samples  were  stored  in  the  dark  with  paper  be¬ 
tween  each  sample  for  approximately  a  month  before  the  tests 
were  started.  This  was  the  procedure  previously  used  in  the 
stress-strain  investigation.  Before  testing  the  resistance  to 
abrasion  at  82°  F.  (27.8°  C.),  the  samples  were  given  a  _24- 
hour  exposure  to  45  per  cent  relative  humidity  at  82°  F.  (27.8° 
C.). 

The  results  are  given  in  Table  IV,  and  the  results  obtained 
with  the  Grasselli  abrader,  disregarding  the  power  consumption, 
are  given  in  Table  V.  The  results  of  the  24-hour  exposures 
are  also  shown  graphically  in  Charts  4  to  6,  inclusive. 

The  results  show  that  resistance  to  abrasion  varies  but  little 
owing  to  differences  in  relative  humidity  between  the  mixing 
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Table  IV — Resistance  to  Abrasion  as  Effected  by  Exposure  of  Samples, 
between  Mixing  and  Vulcanization,  to  Air  of  Different  Relative 

Humidities 


(U.  S.  abrader,  expressed  in  cubic  centimeters  loss  per  hour;  Grasselli  abrader, 
expressed  in  cubic  centimeters  loss  per  horsepower-hour) 


Time 

Condi- 

Stockb™oreCure 

Cur¬ 

ing 

U.  S.  Abrader  at  Rela¬ 
tive  Humidity  of: 

Grasselli  Abrader  at 
Relative  Humidity  of: 

10% 

40% 

70% 

100% 

10% 

40% 

70%  100% 

Hours  Min. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

At 

141.8°  C. 

i 

24  20 

6.01 

6.03 

5.64 

5.60 

380 

So7 

359 

382 

24  45 

4.30 

4.38 

4.39 

4.02 

249 

245 

262 

271 

48  45 

4.29 

4.39 

4  33 

3.94 

247 

246 

266 

272 

72  45 

4.29 

4.38 

4.35 

3.90 

247 

250 

261 

273 

24  60 

4.36 

4.35 

4.32 

3.49 

228 

213 

224 

422 

4 

24  30 

4.89 

4.53 

3.77 

4.35 

287 

303 

318 

324 

24  45 

4.30 

4.23 

4.31 

3.93 

284 

284 

286 

284 

48  45 

4.17 

3.97 

4.15 

3.94 

287 

282 

282 

282 

72  45 

4.20 

4.04 

4.19 

3.92 

286 

285 

283 

282 

24  60 

3.77 

3.74 

3.75 

3.62 

285 

290 

296 

303 

At 

126.1°  C. 

5 

24  45 

3.89 

3.83 

3.82 

3.61 

210 

210 

208 

211 

24  60 

2.98 

2.89 

2.78 

2.68 

217 

204 

213 

218 

48  60 

2.76 

2.79 

2.92 

2.65 

222 

198 

187 

183 

72  60 

2.72 

2.85 

2.75 

2.63 

219 

197 

186 

184 

24  90 

2.53 

2.67 

2.64 

2.37 

188 

185 

168 

180 

At 

157.2°  C. 

6 

24  9 

13.30 

11.37 

10.99 

10.58 

898 

907 

988 

973 

24  12 

11.06 

10.99 

10.81 

10.43 

898 

908 

941 

959 

48  12 

10.97 

10.97 

10.91 

10.44 

876 

917 

910 

954 

72  12 

10.93 

10.95 

10.78 

10.43 

878 

921 

933 

954 

24  15 

10.04 

9.63 

9.57 

9.54 

890 

903 

921 

921 

Table  V — Resistance  to  Abrasion  (Grasselli  Abrader)  as  Effected  by 
Exposure  of  Samples,  between  Mixing  and  Vulcanization,  to  Air  of 
Different  Relative  Humidities,  Disregarding  Power  Consumption 

(Expressed  in  cubic  centimeters  loss  per  hour) 


Stock 

Time 

Conditioned  r,TTr,„ 

Relative  Humidity 

Curing 

10% 

40% 

70% 

100% 

Hours 

Min. 

At 

141.8°  C. 

Cc. 

Cc. 

Cc. 

Cc. 

1 

24 

30 

8.21 

7.56 

7.47 

7.83 

24 

45 

4.96 

4.84 

5.32 

5.61 

48 

45 

4.96 

4.86 

5.32 

5.64 

72 

45 

4.95 

4.99 

5.36 

5.64 

24 

60 

4.67 

4.14 

4.22 

4.52 

4 

24 

30 

5.58 

5.90 

6.17 

6.47 

24 

45 

5.08 

5.08 

5.14 

5.07 

48 

45 

5.13 

5 . 06 

5.04 

5.05 

72 

45 

5.12 

5.08 

5.08 

5.06 

24 

60 

At 

126.1°  C. 

5.07 

5.04 

5.31 

5.25 

5 

24 

45 

4.79 

4.78 

4.82 

5.02 

24 

60 

4.50 

4.22 

4.36 

4.44 

48 

60 

4.54 

4.09 

3.68 

3.61 

72 

60 

4.48 

4.07 

3.66 

3.62 

24 

90 

At 

157.2°  C. 

3.58 

3.53 

3.20 

3.43 

6 

24 

9 

13.93 

13.62 

14.83 

14.60 

24 

12 

12.30 

13.45 

14.93 

14.20 

48 

12 

12.96 

13.58 

13.47 

14.12 

72 

12 

13.00 

13.63 

13.80 

14.12 

24 

15 

13.17 

13.37 

13.65 

13.64 

and  curing.  There  are  slight  effects  visible  in  the  graphs, 
but  these  are  rather  insignificant  and  in  some  cases  within  the 
range  of  experimental  error. 

Part  III — Effect  of  Varying  Temperature  while  Main¬ 
taining  Same  Relative  Humidity  during  Conditioning  of 
Vulcanized  Samples  Previous  to  Testing  at  82°  F.  (27.8°  C.) 

The  cured  samples  were  prepared  as  heretofore — conditioning 
the  raw  stock  for  24  hours  in  an  atmosphere  of  45  per  cent 
relative  humidity  at  82°  F.  (27.8°  C.),  before  vulcanization. 
Previous  to  testing  at  82°  F.  (27.8°  C.)  each  of  the  cures  of  each 
stock  was  conditioned  for  24  hours  in  an  atmosphere  of  45  per 
cent  relative  humidity  at  each  of  the  three  temperatures,  59°  F. 
(15°  C.),  82°  F.  (27.8°  C.),  and  95°  C.  In  addition,  the  middle 
cures  of  each  of  the  stocks  were  conditioned  for  48  and  72  hours 


under  the  same  conditions  to  determine  the  effect  of  length  of 
exposure.  This  relative  humidity  at  the  various  temperatures 
may  be  expressed  in  terms  of  absolute  humidity  (water  per  liter 
dry  air)  thus; 

0  C.  Gram 

15  0.0058 

27.8  0.0124 

35  0.0183 


The  results  are  given  in  Table  VII  (Charts  7  and  8).  Disre¬ 
garding  the  power  consumption  and  calculating  the  values  in 
volume  loss  per  hour,  the  results  obtained  with  the  Grasselli 
abrader  are  given  in  Table  VII  (Chart  9). 

There  was  little  variation  in  resistance  to  abrasion  due  to 
temperature  of  storing  the  cured  stock  while  maintaining  the 
same  relative  humidity  of  45  per  cent.  Stock  4  with  the  Grasselli 


Table  VI — Resistance  to  Abrasion  as  Effected  by  Exposure  of  Cured 
Stock  to  Air  of  45  Per  Cent  Relative  Humidity  at  Different 
Temperatures 


(U.  S.  abrader,  expressed  in  cubic  centimeters  loss  per  hour;  Grasselli  abrader, 
expressed  in  cubic  centimeters  loss  per  horsepower-hour) 


Stock 

Time  Con¬ 
ditioned  c 
before  lure 
Testing 

Tested  on  U.  S. 
Abrader  at: 

Tested  on  Grasselli 
Abrader  at: 

15°  C. 

27.8°  C. 

35°  C. 

15°  C. 

27.8° 

C.  35°  C. 

Hours  Min. 

At 

141.8°  C. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

1 

24  30 

5.74 

4.51 

4.54 

450 

454 

458 

24  45 

3.48 

3.24 

3.41 

314 

334 

327 

48  45 

3.84 

3.36 

3.30 

309 

326 

314 

72  45 

3.47 

3.34 

3.38 

310 

329 

320 

24  60 

3.29 

3.32 

3.29 

252 

258 

262 

4 

24  30 

4.20 

4.90 

4.87 

383 

367 

349 

24  45 

3.36 

3.25 

3.24 

335 

301 

276 

48  45 

3  34 

3.23 

3.25 

333 

314 

273 

72  45 

3.32 

3.24 

3.26 

333 

310 

276 

24  60 

At 

126.1°  C. 

2.89 

2.88 

2.85 

324 

311 

289 

5 

24  45 

3.80 

3.70 

4.20 

256 

254 

250 

24  60 

2.67 

2.64 

2.47 

266 

261 

247 

48  60 

2.65 

2.69 

2.85 

268 

263 

246 

72  60 

2.63 

2.62 

2.79 

270 

261 

245 

24  90 

At 

157.2°  C. 

2.08 

2.16 

2.18 

218 

204 

197 

6 

24  9 

10.87 

11.03 

11.20 

749 

744 

752 

24  12 

10.07 

10.83 

10.85 

708 

719 

726 

48  12 

10.14 

10.59 

10.81 

715 

724 

734 

72  12 

10.16 

10.70 

10.89 

713 

723 

732 

24  15 

9.57 

9.65 

9.68 

692 

689 

696 

Table  VII — Resistance  to  Abrasion  (Grasselli  Abrader)  as  Effected 
by  Exposure  of  Cured  Stock  to  Air  of  45  Per  Cent  Relative  Humidity 
at  Different  Temperatures,  Disregarding  Power  Consumption 

(Expressed  in  cubic  centimeters  loss  per  hour) 


Stock 

Time 

Conditioned 

before 

Testing 

Cure 

Tested  at: 

15°  C. 

27.8°  C. 

35°  C. 

Hours 

Min. 

Cc. 

Cc. 

Cc. 

At  141.8°  C. 

1 

24 

30 

10.04 

10.14 

10.20 

24 

45 

6.49 

6.59 

6.44 

48 

45 

6.09 

6.42 

6.18 

72 

45 

6.12 

6.49 

6.30 

24 

60 

4.74 

4.86 

4.92 

4 

24 

30 

8.44 

8.07 

7.68 

24 

45 

6.84 

6.16 

5.64 

48 

45 

6.81 

6.41 

5.58 

72 

45 

6.80 

6.33 

5.63 

24 

60 

6.09 

5.48 

5.45 

At 

126.1°  C. 

5 

24 

45 

6.14 

6.09 

6.01 

24 

60 

5.59 

5.47 

5.19 

48 

60 

5.64 

5. 52 

5.17 

72 

60 

5.58 

5.49 

5.15 

24 

90 

4.35 

4.08 

3.94 

At  157.2°  C. 

6 

24 

9 

12.18 

12.10 

12.23 

24 

12 

10.48 

10.64 

10.76 

48 

12 

10.58 

10.72 

10.87 

72 

12 

10.56 

10.70 

10.84 

24 

15 

10.24 

10.22 

10.30 
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EFFECT  OF  TEMPERATURE  WITH  45  V  RELATIVE  HUMIDITY 
AFTER  VULCANIZATION  ON  RESISTANCE  TO  ABRASION 

CC.LOSS 

HOUR 

U.S.  ABRADER 
TESTED  AT  27.8°C. 

ii 

FORMULA  +  1 

FORMULA  *  4 

FORMULA  #5 

1 

1 

2 

10 

9 

CURE 

1  -  30  MIN  @  l4l.ft°C 

CURE 

1  -  30  MIN.  @  141.  8°C. 

CURE 

1  -  45  MIN.  @  126.1  °C. 

3 

3 

8 

2-4  5  •• 

2-45  .. 

2-60 

7 

FORMULA  6 

6 

CURE 

1  -  9MIN.  @  157.  2°  C. 

5 

r- — 

2-12  •• 

4 

2 

■— -  l 

2 

1  _ — - - 

2 

! 

2 

| 

1 

3  3 

2 

3 

3 

3 

2 

2- 

1 

3 

i 

5  2 

5  3 

5 

1 

5  2 

5  3 

5 

1 

5  2 

5  3 

5 

5  2 

S  j] 

5 

TEMPERATURE  IN  DEGREES  CENTIGRADE 
CHART  7 


CC.L05S 
H  EHOUR 


600 


EFFECT  OF  TEMPERATURE  WITH  45  V  RELATIVE  HUMIDITY 
AFTER  VULCANIZATION  ON  RESISTANCE  TO  ABRASION 


GRASSELLI  ABRADER 
TESTED  AT  27.8 ‘C. 


700 


500 


400 


FORMULA  #1  _ 

CURE 

I  -  30  MIN  @  141. 8°C. 
Z  -  45  .. 

3-60 


FORMULA  +  4  _ 

CURE 

I  -  30MIN.  @  141.  8°C. 

2- 45  •• 

3- 60  •• 


FORMULA  #5 
CURE 

1  -45MIN  <2  I2.6.I°C 
2-  60  •• 

3-90  ■■ 


FORMULA  #6 
CURE 

I  —  9  MIN.  @  157.  2  °C. 
2-12  •• 

3-15  ■■ 


300 


200 


100 


15 


25 


35  15  25  35  15  25 

TEMPERATURE  IN  DEGREES  CENTIGRADE 
CHART  8 
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E 
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F 

_i 

D 

ir 

ll 

/ 

A 
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3 

;la  #5 

JE 

.  <®  126. 1°C. 

A 

‘C 

T 

IVE  HU 
ABRA1 

1 

MIDITY 

SION 

•• 

1  1 

3-60  » 

3-60  •• 

3-30  •• 

10 

1 

2.  

2 

3 

9 

♦ 

A 

l 

1-  URMUL  A  6 

7 

1 

CURE 

1  -  9  MIN.  ©>  157. ?°C. 

6  <! 

— . - 

Z 

2 

rr  - 

IT 

1 

2-12 

- 3-15-  ••  — 

5 

4 

3 

3 

3 

3 

3 

3 
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1 

L 

_ 
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TEMPERATURE  IN  DEGREES  CENTIGRADE 
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abrader  and  stock  1  with  the  U.  S.  abrader  do  show  a  slight 
trend  with  the  temperature  but  this  is  so  slight  that  it  may  be 
ignored. 

Remarks 

In  this  investigation  study  of  the  effect  of  humidity  during 
testing  was  omitted  in  the  belief  that  during  such  a  short  time 
the  humidity  could  not  have  an  appreciable  effect.  Further¬ 
more,  there  is  a  rise  in  temperature  at  the  surface  being  abraded, 
which  would  make  it  very  difficult  to  control  the  humidity. 
While  the  tests  were  being  made  a  record  of  the  relative  humidity 
of  the  cabinet  was  kept,  but  this  seemed  to  make  no  discernible 
difference  in  the  results.  The  relative  humidity  of  the  cabinet 
varied  over  a  considerable  range  (from  18  per  cent  to  68  per  cent) 
during  these  tests,  but  any  differences  observed  varied  in  di¬ 
rection  and,  since  it  is  within  the  range  of  experimental  error, 
may  be  ignored. 

Conclusions 


either  with  the  raw  or  vulcanized  stock.  Where  laboratories 
are  equipped  to  condition  raw  and  vulcanized  stock  for  stress- 
strain  tests,  it  appears  that  it  would  be  advisable  also  to  condition 
samples  for  determining  resistance  to  abrasion.  It  would  at 
least  tend  to  produce  more  nearly  uniform  results  by  eliminating 
possible  sources  of  small  errors.  As  the  relative  humidity  during 
exposure  of  raw  stock  increases  from  10  per  cent  to  100  per  cent, 
the  resistance  to  abrasion  per  1  per  cent  relative  humidity 
changes  roughly  in  the  following  manner: 


U.  S. 

Grasselli 

Stock 

Abrader 

Abrader 

Per  cent 

Per  cent 

1 

+0.055 

-0.03 

4 

+0.09 

-0.03 

5 

+0.09 

-0.01 

6 

+0.04 

-0.067 

This  study  shows  that  in  determining  resistance  to  abrasion 
the  temperature  of  the  room  or  cabinet  should  be  controlled 
within  ±1°  C.  in  order  to  avoid  significant  errors  in  the  results 
from  this  source.  Below  are  shown  the  percentage  differences 
per  degree  Centigrade  obtained  with  each  of  the  stocks.  It 
must  be  remembered  that  this  probably  holds  only  over  the 
range  of  temperatures  studied  and  might  change  rapidly  outside 
of  this  range.  As  the  temperature  changes  from  15°  C.  to  35°  C., 
the  resistance  to  abrasion  changes  per  degree  Centigrade  in  the 
following  manner: 


As  these  variations  are  small  compared  with  the  experimental 
error,  it  is  evident  that  if  the  relative  humidity  does  not  vary 
over  too  wide  a  range  its  effect  may  be  neglected. 

The  temperature  of  storing  the  cured  samples  while  main¬ 
taining  a  constant  relative  humidity  has  a  negligible  effect  as  in 
the  case  of  relative  humidity.  As  the  temperature  increases 
the  resistance  to  abrasion  per  degree  changes  in  the  following 
manner: 


Stock 


U.  S. 
Abrader 

Per  cent 


In  the  light  of  the  present  investigation  there  will  be  no 
great  error  in  results  caused  by  differences  in  relative  humidity 


J.  M.  Bierf.r 
E.  R.  Bridgewater 
D.  F.  Cranor 
C.  R.  Park 


Grasselli 

Abrader 

Per  cent 


1 

+0.125 

-0.15 

U.  S. 

Grasselli 

4 

—  0  3 

-0.15 

Stock 

Abrader 

Abrader 

5 

-0.4 

+0.15 

Per  cent 

Per  cent 

6 

-0.025 

-0.03 

1 

+  1.25 

+  1.40 

4 

+0.40 

+0.8 

5 

+  0.60 

+  0.1 

W.  A.  Gibbons, 

J.  W.  Schade 

6 

—  1.8 

-0.8 

Chairman 

X.  A.  Shepard 

A.  A.  Somerville 
K.  J.  Soule 
F.  E.  Rupert, 
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Electrode  Holder  for  Arc  Spectrum  Analysis1 

Laurence  L.  Quill  and  Pierce  W.  Selwood 

University  of  Illinois,  Urbana,  III. 


HTHE  electrode  holder  described  herein  was  designed  for 

use  in  the  inorganic  division  of  the  Department  of 
Chemistry  at  the  University  of  Illinois,  where  routine  ex¬ 
amination  of  the  arc  spectra  of  the  rarer  elements  is  carried 
on.  The  holder  consists  of  two  horizontal  arms  mounted  on 
an  insulating  fiber  cylinder  capable  of  rotating  about  its  axis, 
the  whole  being  adjustable  up  or  down  by  means  of  a  vertical 
screw  running  through  the  main  support  and  supplied  with  a 
large  hard-rubber  handle.  Both  horizontal  bars  are  thus  ad¬ 
justable  together,  while  the  lower  bar  has  also  an  independent 
vertical  movement  through  a  rack  and  pinion  with  two  hard- 
rubber  handles.  As  the  lower  carbon  electrode  containing 
the  element  under  examination  is  made  positive,  It  burns 
away  rapidly  and  requires  frequent  adjustment.  The  elec¬ 
trodes  are  held  in  place  by  means  of  steel  springs  over  slots 
in  the  horizontal  bars.  In  practice  one  pair  of  electrodes  is 
generally  made  of  carbon  while  the  other  is  of  iron,  which  is 
used  as  a  reference  standard.  It  is  possible  then  to  bring 
either  the  carbon  or  the  iron  arcs  into  the  axis  of  collimation  of 
the  spectrograph  simply  by  rotating  the  cylindrical  fiber  sup¬ 
port  about  its  own  axis.  The  whole  apparatus  is  mounted 
on  an  alberene  base  and  is  about  15  inches  (38  cm.)  high. 

1  Received  January  17,  1929. 


The  holder  has  been  found  to  facilitate  the  work  for  which 
it  was  designed  and  should  be  useful  for  any  other  spectro- 
graphic  study  involving  the  juxtaposition  of  two  arc  spectra 


on  the  same  plate.  It  was  made  by  A.  E.  Wood,  mechanician 
for  the  Department  of  Chemistry. 


o 


Edition 


Analytical 


Published  by  the American  Chemical SoeieU/ 


Volume  1 


OCTOBER  15,  1929 


Number  4 


Volumetric  Determination  of  Manganese  as  Dioxide' 

With  Special  Reference  to  Application  of  Potassium  Bromate  as  Oxidizing  Agent 

I.  M.  Kolthoff  and  Ernest  B.  Sandell 

University  of  Minnesota,  School  of  Chemistry,  Minneapolis,  Minn. 


VARIOUS  methods  for 
the  precipitation  of 
manganese  as  dioxide 
and  the  volumetric  determi¬ 
nation  of  this  compound  have 
been  proposed  in  the  litera¬ 
ture.  From  the  practical 
point  of  view  the  most  im¬ 
portant  procedures  are  those 
in  which  the  precipitation  of 
the  dioxide  takes  place  in  acid  medium;  therefore,  the  writers 
have  studied  these  more  carefully.  Oxidation  in  neutral  or 
alkaline  medium  by  means  of  bromine,  hypobromite,  chlorine, 
hypochlorite,  or  ferricyanide  is  unsatisfactory,  in  general, 
when  iron  is  present,  and  even  in  the  absence  of  iron  results 
tend  to  be  variable  ( 8 ). 

After  a  preliminary  study  of  the  methods  in  neutral  or 
alkaline  solution,  the  oxidation  in  acid  medium  was  studied 
more  in  detail.  In  acid  solution  manganese  is  oxidized  to 
the  dioxide  by  boiling  with  ammonium  or  potassium  per¬ 
sulfate.  Von  Knorre  ( 9 )  has  based  a  determination  on  this 
reaction.  The  precipitated  manganese  dioxide  is  collected 
by  filtration,  washed  and  dissolved  in  ferrous  sulfate  or 
hydrogen  peroxide,  and  the  excess  peroxide  is  titrated  with 
permanganate.  The  method  does  not  give  theoretical  values; 
an  empirical  factor  must  be  applied.  The  details  of  this 
method  will  be  discussed  in  the  experimental  part  of  this 
paper.  The  method  has  been  applied  by  Liidert  and 
others  (4,  6,  7). 

A  method  that  has  enjoyed  considerably  greater  popularity 
than  that  of  von  Knorre  is  the  familiar  procedure  based  on 
the  precipitation  of  manganese  dioxide  by  long  boiling  with 
potassium  chlorate  in  strong  nitric  acid  solution.  Beilstein 
and  Jawein  ( 1 )  first  made  use  of  this  method  of  precipitation 
for  a  gravimetric  determination  of  the  element,  Hampe  (5) 
and  others  based  a  volumetric  estimation  on  the  same  reac¬ 
tion.  Hampe  found  that  potassium  bromate  could  be  used 
in  place  of  the  chlorate  but  preferred  the  chlorate.  As 
we  shall  see  later,  potassium  bromate  furnishes  an  excellent 
reagent  for  the  oxidation  of  manganese  to  dioxide  even  in 
weakly  acid  medium. 

Persulfate  Method 

The  manganous  salt  used  in  the  determinations  to  be 
described  was  manganous  sulfate  which  had  been  purified 

1  Received  May  18,  1929. 


by  two  precipitations  with 
alcohol.  It  was  tested  for 
the  presence  of  foreign  cations 
and  anions,  and  these  were 
found  to  be  absent.  The 
solution  was  accurately 
standardized  by  weighing  the 
manganese  as  anhydrous  sul¬ 
fate  according  to  Blum  (2). 
The  average  of  several  sulfur 
determinations  (precipitation  as  barium  sulfate)  gave  a  result 
0.2  per  cent  lower  than  the  accepted  value  based  on  the  weigh¬ 
ing  of  anhydrous  manganous  sulfate.  The  precipitations  of 
manganese  dioxide  were  generally  carried  out  in  a  volume  of  50 
cc.  in  the  presence  of  sulfuric  acid.  From  3  to  5  grams  of  pure 
potassium  persulfate  were  added  to  the  solution  and,  after 
boiling  for  a  sufficiently  long  time  to  effect  complete  precipi¬ 
tation,  the  manganese  dioxide  was  filtered  off  and  washed 
with  hot  water  to  remove  all  oxidizing  agent.  The  manganese 
dioxide  was  determined  iodometrically.  If  the  solution  from 
which  manganese  was  precipitated  contained  iron,  potassium 
fluoride  was  added  before  titrating  to  prevent  the  liberation 
of  iodine  by  ferric  iron,  which  is  always  adsorbed  in  small 
amounts  by  manganese  dioxide.  Obviously,  the  dioxide 
could  have  been  dissolved  in  ferrous  sulfate,  hydrogen  per¬ 
oxide,  or  any  other  suitable  reducing  agent,  and  the  excess 
of  the  latter  titrated  with  potassium  permanganate.  The 
iodometric  method  was  chosen  merely  for  its  greater  rapidity 
and  convenience. 

Manganese  in  the  absence  of  iron  begins  to  precipitate 
before  the  boiling  point  is  reached.  The  dioxide  first  separat¬ 
ing  is  brown,  but  becomes  nearly  black  after  boiling  for  a 
few  minutes,  when  precipitation  is  complete.  During  the 
oxidation  a  trace  of  permanganate  is  always  formed.  The 
filtrates  from  the  manganese  dioxide  precipitations  made 
either  in  the  absence  or  presence  of  zinc  (see  Tables  I  and  II) 
were  usually  found  to  contain  manganese  equivalent  to  0.01- 
0.03  cc.  of  0.1  N  permanganate.  In  filtering  through  paper, 
permanganate  is  partially  or  completely  reduced  and  the 
figures  given  are  the  amounts  of  permanganate  formed  by 
re-oxidizing  with  potassium  persulfate  in  the  presence  of 
silver  nitrate.  When  iron  accompanies  manganese,  the 
formation  of  permanganate  is  much  increased  (approximately, 
tenfold)  and  varies  according  to  the  amounts  of  iron  and 
manganese  present.  A  high  concentration  of  ferric  iron  and 
a  low  concentration  of  manganous  salt  favor  the  formation 


The  persulfate  method  for  the  oxidation  of  man¬ 
ganese  to  manganese  dioxide  has  been  studied  and  the 
factors  which  may  affect  the  results  have  been  in¬ 
vestigated. 

Instead  of  persulfate,  the  use  of  potassium  bromate 
is  recommended  as  an  oxidizing  agent.  Reproducible 
results  are  obtained.  The  bromate  method  is  suitable 
for  manganese  determinations  in  ores  and  can  be 
applied  to  the  determination  of  manganese  in  steel. 
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of  permanganate.  Varying  the  acidity  from  0.4  N  to  2  N  did 
not  seem  to  affect  the  reaction. 


Table  I — Oxidation  of  Manganese  with  Potassium  Persulfate  in  the 
Absence  of  Zinc 


No. 

Mn  Taken 

Conditions 

Mn  Found 

Error 

Error 

Gram 

Gram 

Gram 

Per  cent 

1 

0.00671 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc.; 

boiled  5  min. 

0.00638 

-0.0033 

-4.9 

2 

0  00671 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc.; 

boiled  5  min. 

0.00652 

-0.0019 

-2.8 

3 

0.00671 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc.; 

boiled  5  min. 

0.00628 

-0.0043 

-6.4 

'4 

0.0266 

10  cc.  4  Ar  H2SO4; 

vol.  =  50  cc.; 

boiled  5  min. 

0.0256 

-0.0010 

-3.8 

5 

0.0671 

Neutral  soln. 

0.0652 

-0.0019 

-2.8 

6 

0.0671 

5  cc.  4  N  H2SO4; 

boiled  5  min. 

0.0646 

-0.0025 

-3.7 

7 

0.0671 

5  cc.  4  N  H2SO4; 

boiled  5  min. 

0 . 0645 

-  0 . 0026 

-3.9 

8 

0.0671 

5  cc.  4  N  H2SO4; 

boiled  5  min. 

0.0645 

-0.0026 

-3.9 

9 

0.0671 

5  cc.  4  N  H2SO4; 

boiled  5  min. 

0 . 0646 

-0.0025 

-3.7 

10 

0.0671 

5  cc.  4  N  H2SO4; 

boiled  5  min. 

0  0649 

-  0 . 0022 

-3.2 

11 

0.0671 

10  cc.  4  N  H2SO4 

0 . 0645 

-0.0026 

-3.9 

Table 

II — Oxidation  of  Manganese 

with  Potassium  Persulfate  in 

Presence  of  Zinc  Sulfate 

No. 

Mn  Taken 

Conditions 

Mn  Found 

Error 

Error 

Gram 

Gram 

Gram 

Per  cent 

1 

0.00671 

10  cc.  4  N  H2SO4;  3 

g.  ZnS0i.7H20; 
boiled  5  min. 

0.00646 

-0.00025 

-3.7 

2 

0.00671 

10  cc.  4  N  H2SO4;  3 

g.  ZnSOj.  7H20; 
boiled  5  min. 

0.00635 

-0.00036 

—  5.4 

3 

0 . 0266 

10  cc.  4  N  H2SO4;  3 

g.  ZnS0i.7H20; 
boiled  5  min. 

0.0258 

-0.0008 

-3.0 

4 

0.0671 

10  cc.  4  N  H2SO4;  3 

g.  ZnSC>4 . 7H20; 
boiled  5  min. 

0.0651 

-0.0020 

-3.0 

5 

0.0671 

Neutral  soln.;  boiled 

5  min. 

0.0655 

-0.0016 

-2.4 

6 

0.0671 

Neutral  soln.;  boiled 

5  min. 

0.0656 

-0.0015 

-2.2 

7 

0.0671 

Neutral  soln.;  boiled 

5  min. 

0.0654 

-0.0017 

-2.5 

8 

0. 1330 

10  cc.  4  N  H2SO4 

0.1315 

-0.0015 

-1.1 

The  presence  of  iron  hinders  the  precipitation  of  man¬ 
ganese  dioxide,  but  only  seriously  so  when  present  in  a  ratio 
larger  than  100  Fe  to  1  Mn.  When  this  ratio  is  not  larger 
than  10  :  1,  precipitation  is  complete  within  10  minutes;  when 
it  is  greater,  the  time  of  boiling  must  be  correspondingly 
increased,  and  successive  portions  of  persulfate  must  be 
added  as  the  reagent  decomposes  rapidly  in  hot  acid  solution. 
It  may  be  mentioned  that  the  use  of  ammonium  persulfate 
instead  of  potassium  persulfate  is  somewhat  dangerous,  since 
after  all  the  persulfate  has  decomposed  the  ammonium  ions 
left  in  solution  may  reduce  the  manganese  dioxide. 

Discussion  of  Results — If  the  precipitation  of  manganese 
is  made  in  the  absence  of  zinc  salts  (Table  I),  there  is  a  de¬ 
viation  from  the  theoretical  of  about  —3.7  per  cent  for 
quantities  of  manganese  ranging  from  25  to  70  mg. 

When  a  sufficient  quantity  of  zinc  ions  (from  3  to  5  grams 
hydrated  zinc  sulfate)  is  present  (Table  II),  results  are  higher 
but  still  are  about  3  per  cent  below  the  theoretical.  The 
influence  of  zinc  is  greater  than  von  Knorre  believed  it  to  be. 
According  to  his  statement,  zinc  increases  the  quantity  of 
manganese  found  to  such  a  slight  degree  as  to  be  negligible. 

In  the  presence  of  iron  the  values  for  manganese  are  about 
2.4  per  cent  low,  but  are  constant  over  a  wide  range  of  iron 
concentration  (0.025  gram  to  3.0  gram  in  50  cc.).  The  results 
obtained  by  von  Knorre  are  a  little  less  than  1  per  cent  below 
the  theoretical  values.  He  states  that  in  most  cases  the 
same  empirical  factor  can  be  used  in  the  presence  and  in  the 
absence  of  iron.  This  is  not  true.  From  the  results  of  six¬ 
teen  determinations  (Table  III)  the  empirical  factor  is  1.024 
times  theoretical  when  iron  is  present  with  the  manganese. 
The  empirical  factor  (iron  being  present)  according  to  work 
done  in  the  Bureau  of  Standards  (3,  see  also  1)  is  1.028  times 


the  theoretical.  Varying  the  acidity  from  0.4  N  to  2  N  had 
no  appreciable  effect  on  the  results. 


Table  III — Oxidation  of  Manganese  with  Potassium  Persulfate  in 
Presence  of  Iron  as  Nitrate  or  Sulfate 


Mn 

Fe 

Mn 

No. 

Taken 

Present 

Conditions 

Found 

Error 

Error 

Gram 

Grams 

Gram 

Gram 

Per  cent 

1 

0.00671 

0.4 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0.00654 

0.00017 

-2.5 

2 

0 . 0266 

1.4 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0.0258 

-0.0008 

-3.0 

3 

0.0671 

0.025 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0 . 0655 

-0.0016 

-2.4 

4 

0.0671 

0.12 

10  cc.  4  N  H2SO1 

in  50  cc.  vol.; 
boiled  15  min. 

0 . 0657 

-0.0014 

-2.1 

5 

0.0671 

0.12 

10  cc.  4  N  H2SO4 

in  5  0  cc.  vol.; 
boiled  15  min. 

0  0352 

-0.0019 

-2.8 

6 

0.0671 

0.12 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0 . 0654 

-0  0017 

-2.5 

7 

0  0671 

0.12 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0 . 0654 

-0  0017 

-2.5 

8 

0  0671 

0.4 

10  cc.  4  N  H2SO1 

in  50  cc.  vol.; 
boiled  15  min. 

0.0657 

-0  0014 

-2.1 

9 

0  0671 

0.6 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0 . 0655 

-0  0016 

-2.4 

10 

0  0671 

1.2 

10  cc.  N  H2SO4 

in  50  cc.  vol; 
boiled  15  min. 

0  0658 

-0  0013 

-2.0 

11 

0.0671 

2.4 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0 . 0650 

-0.0021 

-3.1 

12 

0.0671 

2.4 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0.0659 

-0.0012 

-1.8 

13 

0 . 0^71 

3.0 

10  cc.  4  N  H2SO4 

in  50  cc.  vol.; 
boiled  15  min. 

0.0656 

-0.0015 

-2.2 

14 

0.0671 

0.12 

5  cc.  4  N  H2SO4 

0 . 0652 

-0.0019 

-2.8 

15 

0  0671 

0.12 

15  cc.  4  N  H2SO4 

0.0653 

-0.0018 

-2.7 

16 

0.0671 

0.12 

25  cc.  4  N  H2SO4 

0.0654 

-0.0017 

-2.5 

The  presence  of  chromium  (which  during  the  precipitation 
of  manganese  is'  oxidized  to  chromic  acid)  does  not  lead  to 
high  results  (Table  IV).  Small  amounts  of  tungsten, 
molybdenum,  and  phosphoric  acid  may  be  present.  How¬ 
ever,  when  these  occur  in  large  quantities,  results  are  seriously 
low  on  account  of  the  incomplete  precipitation  of  manganese, 
possibly  due  to  the  formation  of  complex  trivalent  compounds 
of  manganese  which  are  soluble.  Cobalt,  when  it  accom¬ 
panies  iron  and  manganese,  does  not  lead  to  high  results, 
even  when  present  in  large  quantities.  Von  Knorre  found 
the  presence  of  cobalt  to  be  disturbing,  presumably  on 
account  of  the  co-precipitation  of  cobaltic  oxide.  Cobalt, 
when  present  with  manganese  in  the  absence  of  iron,  has  a 
tendency  to  give  high  results.  The  presence  of  chlorides  in 
small  amounts  is  not  detrimental  to  the  determination. 

Recommended  Procedure — -To  aboutSO  cc.  of  solution  con¬ 
taining  20  to  100  mg.  manganese,  and  at  least  an  equal  quantity' 
of  iron  to  maintain  the  constancy  of  the  empirical  factor,  suffi¬ 
cient  sulfuric  acid  is  added  to  make  the  acid  concentration 
0.5  to  1  N.  After  adding  3  or  4  grams  of  potassium  per¬ 
sulfate,  the  solution  is  heated  to  boiling  and  kept  at  the 
boiling  point  for  10  minutes.  If  much  iron  is  present  more 
persulfate  is  added  and  boiling  continued  for  10  or  15  minutes 
more.  The  mixture  is  then  filtered;  if  the  filtrate  is  turbid 
at  first  it  is  poured  back  on  the  filter.  The  precipitate  is 
washed  with  hot  water  until  all  persulfate  has  been  removed 
(test  filtrate  with  potassium  iodide  and  sulfuric  acid).  The 
filter  paper  containing  the  manganese  dioxide  is  transferred 
to  the  flask  in  which  the  precipitation  was  made.  The 
titration  is  made  either  iodometrically  (with  addition  of 
fluoride)  or  with  ferrous  sulfate  and  potassium  permanganate. 
Empirical  factor  =  1.024  times  theoretical. 

In  the  absence  of  iron  add  zinc  sulfate.  The  empirical 
factor  is  then  1.030  times  theoretical.  It  appears  that  the  re¬ 
sults  in  the  absence  of  iron  are  not  so  reproducible  as  when 
it  is  present. 
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Table  IV — Oxidation  of  Manganese  with  Potassium  Persulfate  in  Presence  of  Iron  and  Other  Elements 


No. 

Mn 

Taken 

Fe 

Present 

Addition 

Conditions 

Mn 

Found 

Error 

Error 

1 

Gram 

0.0671 

Grams 

0.6 

5  g.  ZnSOi.  7H20 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

Gram 

0.0656 

Gram 

-0.0015 

Per  cent 

-2.2 

2 

0.0671 

1  g.  CuS0i.5H20 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0658 

-0.0013 

-2.0 

3 

0.0671 

1  g.  CuSOi  +  3  g.  ZnSOi 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

4  min. 

0  0666 

-0.0005 

-0.8 

4 

0.0671 

0. 1  g.  chrome  alum 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0643 

-0.0028 

-4.2 

5 

0.0671 

0.1  g.  chrome  alum  +  3  g.  Z11SO4 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0651 

-0.0020 

-3.0 

6 

0.0671 

0.1  g.  chrome  alum  +  3  g.  Z11SO4 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0  0656 

-0  0015 

-2.2 

7 

0.0671 

0.35  g.  C0SO4.7H2O 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0666 

-0.0005 

-0.7 

8 

0.0671 

1.0  g.  C0SO4.7H2O 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0694 

+  0.0023 

+  3.4 

9 

0.0671 

0. 6 

0.35  g.  C0SO4.7H2O 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0654 

-0  0017 

-2.5 

10 

0.0671 

1.2 

0.7  g.  C0SO4.7H2O 

10  cc.  4  N  H2SO4;  50  cc. 

vol.;  boiled 

5  min. 

0.0652 

-0  0019 

-2.8 

11 

0.0671 

1.2 

1.0  g.  C0SO4.7H2O 

10  cc.  4  N  H2SO4;  50  cc. 

vol. ;  boiled 

5  min. 

0.0661 

-0.0010 

-1.5 

12 

0.0671 

1.2 

0.7  g.  C0SO4.7H2O 

20  cc.  H2SO4;  50  cc. 

vol..  boiled  10  min. 

0.0659 

-0.0012 

-1.8 

13 

0.0671 

0.5 

1  g.  Ni(N03)2.6H?0 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0.0656 

-0.0015 

-2.2 

14 

0.0671 

0.6 

0. 18  g.  H3PO4 

5  cc.  H2SO4;  50  cc. 

vol.,  boiled  10  min. 

0.0651 

-0.0020 

-3.0 

15 

0.0671 

0.6 

0 . 02  g.  H3PO4 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled  10  min. 

0.0656 

-0.0015 

-2.3 

16 

0.0671 

0.6 

0.02  g.  H3PO4 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0 . 0657 

-0  0014 

-2.1 

17 

0.0671 

0.6 

0.01  g.  H3PO4 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0 . 0660 

-0.0011 

-1.6 

18 

0.0671 

0.6 

0.01  g.  H3P04 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0.0661 

-0  0010 

-1.5 

19 

0.0671 

0.6 

0 . 05  g.  NasW04 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0  0664 

-0.0007 

-1.0 

20 

0.0671 

0.6 

0.  10  g.  Na2W04 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0.0655 

-0  0016 

-2.4 

21 

0.0671 

0.6 

0.10  g.  Na2W04 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0  0655 

-0.0016 

-2.4 

22 

0.0671 

0.6 

0.05  g.  (NHO2M0O4 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled 

10  min. 

0  0659 

-0  0012 

-1.8 

23 

0.0671 

0.6 

0.10  g.  (NH4)2MoQ4 

10  cc.  H2SO4;  50  cc. 

vol.,  boiled  10  min. 

0 . 0660 

-0.0011 

-1.6 

Bromate  Method 

Contrary  to  the  statements  of  Hampe  (5),  it  was  found  that 
manganese  could  be  oxidized  completely  to  the  dioxide  by 
boiling  for  a  short  time  with  potassium  bromate  in  dilute 
acid  solution.  The  bromate  used  in  this  manner,  behaves  in 
practically  the  same  way  as  potassium  persulfate  in  pre¬ 
cipitating  manganese  dioxide,  giving  a  precipitate  of  the 
same  appearance  and  filterability.  The  reaction  takes  place 
in  accordance  with  the  following  equation: 

5Mn  +  +  +  2(Br03)-  +  4H20 - >5Mji02  +  Br2  +  8H  + 

As  in  the  persulfate  method,  traces,  of  permanganate  are 
formed,  the  amount  produced  being  increased  when  iron  is 
present.  The  small  error  due  to  the  formations  of  perman¬ 
ganate  is  obviated  by  the  application  of  the  empirical  factor. 
The  use  of  potassium  bromate  is  preferable  to  that  of 
potassium  persulfate,  as  it  is  not  easily  decomposed  by  boiling 
in  dilute  acid  solutions  and,  therefore,  manganese  can  be 
precipitated  with  certainty  in  the  presence  of  iron.  With 
potassium  persulfate  the  oxidation  is  effected  with  greater 
difficulty  on  account  of  the  ready  decomposability  of  this 
reagent,  whereas  with  potassium  bromate  the  results  are 
easily  reproducible. 

The  experimental  results  given  in  Tables  Y  to  VIII  were 
obtained  by  titrating  the  manganese  dioxide  precipitate 
(produced  by  boiling  with  1  to  2  grams  of  potassium  bromate 
for  10  to  20  minutes  in  solutions  usually  0.8  N  with  respect 
to  sulfuric  acid)  iodometrically,  as  described  under  the  per¬ 
sulfate  procedure. 


Table  V — Oxidation  of  Manganese  with  Potassium  Bromate  in 
Absence  of  Zinc 


Mn 

Mn 

No. 

Taken 

Conditions 

Found 

Error 

Error 

Gram 

Gram 

Gram 

Per  cent 

1 

0.00671 

10  ec.  4  N  H2SO4; 

50  cc.  vol. 

0.00635 

-0.00036 

-5.4 

2 

0.00671 

10  cc.  4  N  H2SO4; 

50  cc.  vol. 

0.00638 

-0.00033 

-5.0 

3 

0.00671 

10  cc.  4  N  H2SO4; 

50  cc.  vol. 

0.00636 

-  0  00035 

-5.2 

4 

0.0266 

10  cc.  4  N  H2SO4; 

50  cc.  vol. 

0 . 0256 

-0.0010 

-3.8 

5 

0.0266 

10  cc.  4  N  H2SO4; 

50  cc.  vol. 

0.0257 

-0  0009 

-3.4 

6 

0.0671 

10  cc.  4  N  HNOj; 

50  cc.  vol. 

0.0649 

-0.0022 

-3.3 

7 

0.0671 

10  cc.  4  N  HNOs; 

50  cc.  vol. 

0 . 0649 

-0  0022 

-3.3 

8 

0.0671 

10  cc.  4  N  HNOi; 

50  cc.  vol. 

0.0651 

-0.0020 

-3.0 

9 

0.1330 

10  cc.  4  N  HNOs; 

50  cc.  vol. 

0.1282 

-0.0048 

-3.6 

are  still  lower,  being  5.2  per  cent  below  the  theoretical  for 
0.005  N  solutions  (=  7  mg.  manganese  in  50  cc.  of  solution). 
When  sufficient  zinc  salt  is  present  with  the  manganese 
(Table  VI),  the  results  are  2.0  per  cent  lower  than  theory 
demands,  and  this  deviation  remains  sensibly  constant  for 
quantities  of  manganese  ranging  from  3  to  130  mg.  Quan¬ 
tities  of  manganese  as  small  as  2  to  3  mg.  can  be  determined 
with  an  accuracy  of  about  1  per  cent.  Factor  =  1.020  X 
theoretical  titer. 


Table  VI — Oxidation  of  Manganese  with  Potassium  Bromate  in 
Presence  of  Zinc 

Deviation 

from 


Mn 

Mn 

Empirical 

No. 

Taken 

Conditions 

Found 

Error 

Error 

Value 

Gram 

Gram 

Gram 

Per  cent 

Per  cent 

1 

0 . 00266 

1  ce.  4  N  H2SO4;  2 

g.  ZnSOi  .  7H20; 

• 

vol.  =  10  cc. 

0  00265 

-0.00001 

-0.4 

2 

0 . 00266 

1  cc.  4  AT  H2SO4;  2 

g.  ZnSOi.  7H2O; 
vol.  =  10  cc. 

0.00264 

-0.00002 

-0.8 

3 

0.00266 

1  cc.  4  IV  H2SO4;  2 

g.  ZnS04.7H20; 
vol.  =  10  cc. 

0.00261 

-  0  00005 

-2.0 

4 

0.00266 

1  cc.  4  N  H2SO4;  2 

g.  ZnS04 . 7H20; 
vol.  =  10  cc. 

0  00265 

-0  00001 

-0  4 

5 

0.00266 

1  cc.  4  AT  H2SO4;  2 

g.  ZnS04. 7H20; 
vol.  =  10  cc. 

0 . 00262 

-0  00004 

-1.5 

6 

0 . 00266 

5  cc.  4  IV  H2SO4; 

2  g.  ZnS04;  vol. 
=  50  cc. 

0.00260 

-0.00006 

-2.2 

7 

0.00266 

5  cc.  4  N  H2SO4; 

2  g.  ZnSOi;  vol. 
=  50  cc. 

0 . 00262 

-0.00004 

-1.5 

8 

0.00671 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.00648 

-0  00023 

-3.4 

-1.4 

9 

0.00671 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.00656 

-0.00015 

-2.2 

-0.2 

10 

0.00671 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0  00654 

-0  00017 

-2.5 

-0.5 

11 

0.0266 

10  cc.  4  iV  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.0263 

-  0 . 0003 

-1.1 

+  1.1 

12 

0 . 0266 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.0260 

-0  0006 

-2.3 

-0.3 

13 

0  0671 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.0660 

-0  0011 

-1.6 

+  0.6 

14 

0.0671 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.0657 

-0.0014 

-2.1 

-0.1 

15 

0  1330 

10  cc.  4  N  H2SO4; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.1303 

-0  0027 

O 

<N 

1 

+  0.0 

16 

0.1330 

10  cc.  4  N  H2SOj; 

3  g.  ZnSOi;  vol. 
=  50  cc. 

0.1311 

-0  0019 

-1.4 

+  0.6 

Average  „  —2.0 


Discussion  of  Results — The  determination  of  manganese 
by  oxidation  with  potassium  bromate  in  the  absence  of  zinc 
(Table  V)  and  iron  gives  results  which  are  about  3.4  per  cent 
lower  than  the  theoretical  values  for  quantities  of  manganese 
from  25  to  130  mg.  For  small  amounts  the  values  obtained 


In  the  presence  of  iron  (Table  VII)  the  method  gives  values 
for  manganese  which  are  1.0  per  cent  low.  The  factor, 
therefore,  is  1.010  X  theoretical  and  this  value  holds  for 
quantities  of  manganese  from  30  to  150  mg.  Varying  the 
ratio  of  iron  to  manganese  from  1  :  1  to  70  :  1  does  not  affect 
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the  result.  When  the  amount  of  manganese  is  greater  than 
that  of  iron,  the  results  are  more  than  1  per  cent  below  the 
theoretical.  In  these  cases  in  which  the  ratio  of  iron  to 
manganese  is  greater  than  100  Fe  :  1  Mn,  the  method  becomes 
inconvenient,  since  the  time  of  boiling  required  to  precipitate 
manganese  completely  is  half  an  hour  or  more.  Increasing 
the  acidity  unduly  tends  to  give  lower  results  than  indicated 
by  the  empirical  factor.  The  average  deviation  from  the 
empirical  mean  is  0.2  per  cent;  deviations  of  0.5  per  cent 
from  the  mean  may  occur. 


Table  VII — Oxidation  of  Manganese  with  Potassium  Bromate  in 
Presence  of  Iron  as  Nitrate 


Deviation 

FROM 

Mn 

Fe 

Mn 

Empirical 

No. 

Taken  Present  Conditions 

Found 

Error 

Error 

Value 

Gram 

Gram 

Gram 

Gram 

Per  cent 

Per  cent 

1 

0.0298 

0.7 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0294 

-0.0004 

-1.3 

-0.3 

2 

0.0298 

2.1 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0294 

-0.0004 

-1.3 

-0.3 

3 

0.0755 

0.7 

50  cc.  H2SO4; 

vol.  =  200  cc. 

0.0747 

-0.0008 

-1.1 

-0.1 

4 

0.0755 

0.03 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0739 

-0.0016 

(-2.1) 

-1.1 

5 

0.0755 

0.03 

10  cc.  4 N  H2SO4; 

vol.  =  50  cc. 

0.0745 

-0.0010 

-1.3 

-0.3 

6 

0.0755 

0.06 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0744 

-0  0011 

—  1.5 

—  0.5 

7 

0.0755 

0.10 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0747 

-0.0008 

-1.1 

-0.1 

8 

0.0755 

0.12 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0745 

-0.0010 

-1.3 

-0.3 

9 

0.0755 

0.12 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0748 

-0.0007 

-0.9 

+  0.1 

10 

0.0755 

0.4 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0 . 0746 

-0.0009 

-1.2 

-0.2 

11 

0.0755 

0.4 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0 . 0749 

-0.0006 

-0.8 

+0.2 

12 

0.0755 

0.4 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0749 

-0.0006 

-0.8 

+0.2 

13 

0.0755 

0.7 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0751 

-0.0004 

-0.5 

+  0.5 

14 

0.0755 

0.7 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0 . 0746 

-0.0009 

-1.2 

-0.2 

15 

0.0755 

1.1 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0750 

-0.0005 

-0.7 

+0.3 

16 

0.0755 

1.4 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.0749 

-0.0006 

-0.8 

+0.2 

17 

0.0755 

2.1 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0 . 0747 

-0.0008 

-1.1 

-0.1 

18 

0.1490 

0.7 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.1480 

-0.0010 

-0.7 

+  0.3 

19 

0.1490 

0.7 

10  cc.  4  N  H2SO4; 

vol.  =  50  cc. 

0.1480 

-0.0010 

-0.7 

+0.3 

20 

0.0755 

0.7 

25  cc.  H2SO4  in  50 

cc. 

0.0743 

-0.0012 

-1.6 

-0.6 

Average 

-1.0 

The  presence 

of  chromium  (Table  VIII)  does  not 

affect 

the  determination.  Molybdates,  except  in  small  amounts, 
give  results  that  are  too  low,  as  in  the  persulfate  method. 
Tungstates  also  lead  to  low  results,  but  the  influence  of 
tungsten  does  not  appear  to  be  so  great  as  that  of  molyb¬ 
denum.  Likewise,  phosphoric  acid  interferes  when  present 
in  considerable  quantities;  amounts  equivalent  to  1  cc. 
2  M  phosphoric  acid  may  be  present  in  50  cc.,  the  usual 
volume  in  which  the  determinations  wrere  carried  out.  Co¬ 
balt  with  iron  and  manganese  does  not  give  appreciably 
higher  results,  even  when  present  to  the  extent  of  70  mg. 
with  75  mg.  of  manganese.  Small  amounts  of  lead,  nickel, 
and  bismuth  may  be  present.  Chlorides  will  be  oxidized 
by  potassium  bromate  and  will  not  interfere  in  the  precipi¬ 
tation.  Ammonium  salts  should  not  be  present  in  any 


quantity.  When  vanadium  is  present,  it  is  adsorbed  to  some 
extent  by  manganese  dioxide  and  will  therefore  give  a  tem¬ 
porary  end  point  if  the  dioxide  is  determined  iodometricallv. 
This  may,  of  course,  be  prevented  by  dissolving  the  manganese 
dioxide  in  ferrous  sulfate  and  titrating  the  excess  of  the 
latter  with  potassium  permanganate. 

Recommended  Procedure — The  solution  in  which  man¬ 
ganese  is  to  be  determined  may  contain  from  20  to  150  mg. 
of  the  element  in  a  volume  of  about  50  cc.  Sufficient  dilute 
sulfuric  or  nitric  acid  is  added  to  make  the  solution  0.8  to 
1  N  with  respect  to  acid.  If  iron  is  not  present  3  to  5  grams 
of  crystallized  zinc  sulfate  are  added.  If  only  small  amounts 
of  iron  are  present  it  is  best  to  add  pure  ferric  nitrate  or 
sulfate  to  make  the  amount  of  iron  present  in  solution  at 
least  equal  to  the  manganese.  In  this  way  the  constancy 
of  the  empirical  factor  is  assured  and  no  zinc  salt  has  to  be 
added.  The  iron  salt  should  be  tested  for  the  presence  of 
manganese.  One  or  2  grams  of  potassium  bromate  are  then 
added  and  the  solution  is  heated  to  boiling.  In  the  absence 
of  iron  the  precipitation  is  complete  within  5  minutes.  If 
iron  is  present  and  its  ratio  to  manganese  is  less  than  10 
Fe  to  1  Mn,  boiling  for  10  minutes  is  sufficient.  For  more 
unfavorable  ratios  boiling  should  be  continued  for  15  to  20 
minutes.  When  the  amount  of  iron  present  is  more  than  a 
hundred  times  greater  than  that  of  manganese,  boding  must 
be  continued  for  half  an  hour  or  more,  and  then,  since  the 
method  becomes  time-consuming,  it  is  better  to  use  the 
bismuthate  method  or  the  colorimetric  procedure  of  Willard 
and  Greathouse  (10).  If  the  volume  of  solution  becomes  much 
decreased  on  account  of  evaporation,  water  may  be  added. 
Fdter  the  precipitate  of  manganese  dioxide  through  ordinary 
filter  paper.  In  some  cases,  the  first  portions  of  the  filtrate 
will  come  through  turbid;  if  these  are  refdtered  no  further 
trouble  from  this  source  will  be  experienced.  Wash  the 
precipitate  thoroughly  with  hot  water  (6  to  8  portions  of  about 
10  cc.  each  will  usually  suffice)  to  remove  all  the  oxidizing 
agent,  and  transfer  the  filter  paper  containing  the  washed 
precipitate  to  the  flask  in  which  the  precipitation  was  made. 
The  manganese  dioxide  may  be  determined  either  iodo- 
metricady  or  by  dissolving  in  ferrous  sulfate  or  any  other 
suitable  reducing  agent  and  titrating  the  excess  of  the  latter 
with  potassium  permanganate.  If  the  former  procedure  is  to 
be  followed  add  50  to  75  cc.  of  water  to  the  flask  containing 
the  dioxide,  together  with  5  cc.  of  20  per  cent  solution  of  KF.- 
2H20,  5  cc.  4  N  sulfuric  acid,  and  sufficient  (1  to  2  grams) 
potassium  iodide.  Titrate  the  liberated  iodine  with  0.1  A 
sodium  thiosulfate.  For  quantities  of  manganese  less  than 
20  mg.  use  0.02  or  0.01  N  sodium  thiosulfate.  Near  the 
end  point  shake  the  flask  well  to  make  certain  that  all  of 
the  manganese  dioxide  has  reacted  and  that  no  iodine  remains 
in  the  filter  paper. 

Factors  for  manganese: 

Zinc  present  and  iron  absent:  1  cc.  0.1  N  Na2&203  = 

0.002747  X  1.02  =  0.002801  gram  Mn 

Iron  present:  1  cc.  0.1  N  Na2S->03  =  0.002747  X  1.010  = 
0.002774  gram  Mn 


Table  VIII — Oxidation  of  Manganese  with  Potassium  Bromate  in  Presence  of  Iron  and  Other  Elements 

Deviation 

from 


Mn 

Mn 

Empirical 

No. 

Taken 

Fe 

Addition 

Conditions 

Found 

Error 

Error 

Value 

Gram 

Gram 

Gram 

Gram 

Per  cent 

Per  cent 

1 

0.0755 

0.7 

0.05  g.  Na2WOi 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0746 

-0.0009 

-1.2 

-0.2 

2 

0.0755 

0.7 

0.10  g.  (NH4)2Mo04 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0739 

-0.0016 

-2.1 

-1.1 

3 

0.0755 

0.7 

0.10  g.  (NH4)iMoOi 

20  cc.  4  N  H2SO4;  vol.  = 

100  cc. 

0.0741 

-0.0014 

-1.8 

-0.8 

4 

0.0755 

0.7 

0.07  g.  (NH+M0O1 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0741 

-0.0014 

-1.8 

-0.8 

5 

0.0755 

0.7 

0.35  g.  C0SQ1.7H2O 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0749 

-0.0006 

-0.8 

+0.2 

6 

0.0755 

0.7 

0.35  g.  CoS04. 7H2O 

20  cc.  4  N  H2SO4;  vol.  = 

100  cc. 

0 . 0749 

-0.0006 

-0.8 

+  0.2 

7 

0.0755 

0.7 

0.015  g.  Crm 

10  cc.  4  N  H2SO1;  vol.  = 

50  cc. 

0 . 0744 

-0.0011 

-1.5 

-0.5 

8 

0.0755 

0.7 

0.18  g.  H3P04 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0747 

-0.0008 

-1.1 

-0.1 

9 

0.0755 

0.7 

0.1  g.  PbiNOsh;  0.1  g.  Bi(NOs)3; 

1.0  g.  NifNOsh 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0744 

-0.0011 

-1.5 

-0.5 

10 

0.0755 

0.7 

1  cc.  12  N  HC1 

10  cc.  4  N  H2SO4;  vol.  = 

50  cc. 

0.0745 

-0.0010 

-1.3 

-0.3 

11 

0.0755 

0.7 

4  cc.  16  N  HNOj 

No  H2SO4 

0.0751 

-0.0004 

—  0.5 

+  0.5 

October  15,  1929 
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Applications  of  Bromate  Method 

The  bromate  method  for  manganese  is  especially  applicable 
to  the  determination  of  large  quantities  of  the  element,  and 
therefore  the  procedure  described  above  may  be  advanta¬ 
geously  applied  to  the  analysis  of  manganese  ores. 

A  sample  of  standard  manganese  ore,  kindly  furnished  by 
the  Mines  Experiment  Station  of  the  University  of  Minnesota, 
was  analyzed.  A  suitable  amount  of  the  ore  (15  grams  for 
an  ore  containing  10  per  cent  of  manganese,  at  higher  man¬ 
ganese  content  correspondingly  less)  was  dissolved  in  hydro¬ 
chloric  acid  with  the  addition  of  potassium  chlorate  according 
to  the  usual  manner  of  getting  manganese  ores  into  solution. 
Without  removing  the  excess  hydrochloric  acid,  the  sample 
was  diluted  to  500  cc.  and  25-cc.  portions  were  taken  for  the 
determination  which  was  carried  out  as  already  described 
(with  the  addition  of  1  gram  ferric  nitrate  for  the  precipita¬ 
tion  of  the  manganese) .  The  following  percentages  of  manga¬ 
nese  were  found: 

Per  cent 

Determination  1  24.24 

Determination  2  24.18 

Mines  Experiment  Station  value  24.23 

As  has  already  been  stated,  the  method  is  not  suitable 

for  small  quantities  of  manganese  in  the  presence  of  large 

amounts  of  iron.  Therefore,  to  determine  manganese  in 
steel  it  is  preferable  to  remove  the  iron,  which  can  be  done 
conveniently  by  addition  of  zinc  oxide.  The  following  pro¬ 
cedure  was  adopted:  A  2.0-  to  2.5-gram  sample  of  the  steel 
was  dissolved  in  nitric  acid,  and  after  solution  was  complete 
the  liquid  was  transferred  to  a  250-cc.  volumetric  flask  and 
diluted  with  water  until  the  volume  was  150-200  cc.  An 
emulsion  of  pure  zinc  oxide  was  then  carefully  added  to 
precipitate  the  iron,  and  the  volume  was  made  up  to  exactly 
250  cc.  After  thorough  mixing,  the  liquid  was  filtered  and 
50-cc.  portions  of  the  filtrate  taken  for  analysis.  These  were 
treated  with  5  cc.  4  N  sulfuric  acid  and  1  gram  potassium 


bromate  and  heated  to  boiling,  and  boiling  was  continued  for 
10  minutes.  The  precipitated  manganese  dioxide  was  de¬ 
termined  iodometrically,  the  titrations  being  made  with  0.01 
N  sodium  thiosulfate.  Since  a  trace  of  manganese  is  co¬ 
precipitated  with  the  ferric  hydroxide,  the  empirical  factor 
was  determined  by  taking  10  to  12  mg.  manganese  and  2 
grams  of  iron  (as  manganese-free  ferric  nitrate)  and  treating 
these  exactly  as  described  above  for  steel.  It  was  found 
that  under  the  conditions  described,  1  cc.  of  0.01  N  sodium 
thiosulfate  was  equivalent  to  0.0002834  gram  manganese 
whereas  by  direct  titration  1  cc.  0.01  N  thiosulfate  is  equivalent 
to  0.0002801  mg.  The  following  results  for  manganese  were 
obtained  with  Bureau  of  Standards  steel  samples: 


Bureau  of 

Bromate 

No. 

20a 

Steel 

Standards 

Per  cent 

0.661 

Av. 

Method 
Per  cent 
0.662 
0.654 
0.662 
0.659 

24 

Vanadium 

0.669 

Av. 

0.668 

0.668 

0.668 

30a 

Chrome  vanadium 

0.805 

Av. 

0.817 

0.803 

0.809 

0.810 

32a 

'  Chrome  nickel 

0.244 

Av. 

0.242 

0.244 

0.243 
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Reaction  between  Lubricating  Oils  and  Phosphorus  Pentoxide1 

C.  C.  Furnas 

North  Central  Experiment  Station,  U.  S.  Bureau  op  Mines,  Minneapolis,  Minn. 


IN  THE  course  of  some  experimental  work  on  heat  trans- 
1  fer  being  conducted  at  the  North  Central  Station  of  the 
U.  S.  Bureau  of  Mines  in  cooperation  with  the  University  of 
Minnesota,  it  was  found  necessary  to  circulate  nitrogen  at 
room  temperature  continuously  through  a  closed  circuit  by 
means  of  a  Crowell’s  rotary  blower  in  which  vanes  slide  over 
the  machined  inner  surface  of  a  cylinder.  The  vanes  fit 
closely  into  the  cylinder,  and  it  is  essential  that  they  be  well 
lubricated.  In  order  to  eliminate  any  oxygen  which  might 
creep  into  the  system,  a  by-pass  chamber  was  constructed 
which  contained  yellow  phosphorus. 

Immediately  after  the  use  of  yellow  phosphorus  was  insti¬ 
tuted,  the  pump  caused  considerable  difficulty  by  heating  up 
and  sticking.  It  was  dismantled  and  thoroughly  cleaned,  but 
it  stuck  again  after  about  15  minutes’  operation.  Upon  dis¬ 
mantling  again  it  was  found  that  in  this  short  time  a  thick 
gum  similar  to  shellac  in  consistency  and  adhesiveness  had 
formed  on  all  friction  surfaces.  A  qualitative  test  showed 
that  this  residue  contained  considerable  phosphorus.  It  was 
apparent  that  the  phosphorus  pentoxide  dust  formed  by  the 
reaction  of  the  phosphorus  with  the  oxygen  in  the  system  had 

1  Received  July  3,  1929.  Published  by  permission  of  the  Director, 
U.  S.  Bureau  of  Mines.  (Not  subject  to  copyright.) 


been  carried  over  to  the  pump  and  had  reacted  with  the  oil 
to  form  this  very  sticky  thick  gum. 

To  verify  this,  qualitative  tests  were  made  by  shaking  up 
oil  with  phosphorus  pentoxide.  Three  different  standard 
lubricating  oils  and  kerosene  were  tried.  All  gave  thick 
sticky  reddish  brown  gum  at  temperatures  of  30°  to  50°  C. 
If  water  was  added  to  the  oil,  the  gum  would  dissolve  and 
would  not  form  again,  even  at  100°  C.,  as  long  as  sufficient 
water  was  present  to  form  a  separate  phase. 

The  compound  formed  was  probably  due  to  the  unsaturates 
which  are  present  in  all  oils. 

The  author  found  it  more  convenient  to  eliminate  the  phos¬ 
phorus  by  using  hot  copper  for  de-oxidation;  cases  might 
occur  where  it  would  not  be  possible  to  keep  phosphorus 
pentoxide  from  coming  in  contact  with  lubricated  friction 
surfaces.  In  such  a  case  it  would  be  quite  essential  to  prevent 
the  formation  of  the  troublesome  compound.  It  might  be 
possible  to  do  this  by  distilling  the  lubricating  oil  from  a  bath 
containing  phosphorus  pentoxide,  thus  eliminating  most  of 
the  unsaturates.  The  experiments  described  above  also  indi¬ 
cate  that  it  would  be  satisfactory  to  use  an  oil-water  emulsion 
for  lubrication  if  the  mechanical  details  of  the  particular  piece 
of  equipment  would  permit. 
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Quantitative  Determination  of  Mercaptans  in 

Naphtha 


IN  STUDYING  the  be¬ 
havior  of  mercaptans  in 
naphtha  solutions,  it  was 
found  advantageous  to  de¬ 
velop  a  method  for  the  deter¬ 
mination  that  would  be  rapid, 
fairly  accurate,  and  applica¬ 
ble  to  small  samples.  Several 
methods  are  given  in  the 
literature.  Youtz  and  Per¬ 
kins  (7)  and  Faragher, 

Morrell,  and  Monroe  (3) 
outline  methods  based  pri¬ 
marily  on  the  use  of  the  lamp 
method  ( 2 )  for  the  estimation 
of  sulfur.  Wendt  and  Diggs 
(3)  give  a  method  for  the  de¬ 
termination  of  sulfur  and 
mercaptans  in  naphtha,  based 
on  forming  lead  sulfide  and 
converting  it  to  lead  sulfate  which  is  weighed.  Birch  and 
Norris  ( 1 )  use  the  iodometric  method  for  studying  the  re¬ 
moval  of  mercaptans  from  a  saturated  hydrocarbon. 

Birch  and  Norris  (I )  use  silver  nitrate  for  the  separation  and 
identification  of  mercaptans  in  petroleum  distillates.  In  this 
paper  it  will  lie  shown  that  mercaptans  can  be  removed  by 
silver  nitrate  and  the  percentage  of  sulfur  remaining  in  the  oil 
determined  by  the  lamp  method  or  that,  alternatively,  stand¬ 
ard  silver  nitrate  and  standard  ammonium  thiocyanate  so¬ 
lutions  can  be  used  for  titration.  Since  hydrogen  sulfide  is 
often  removed  by  acidified  cadmium  chloride  (3)  and  mer¬ 
cury  is  frequently  used  (3)  to  remove  elemental  sulfur,  the 
effect  of  both  of  these  reagents  on  the  percentage  of  mercap¬ 
tans  in  naphtha  was  studied. 

Materials 

The  mercaptans  studied  were  ethyl,  n-propyl,  isopropyl, 
n-butyl,  isobutyl,  secondary  butyl,  n-amvl,  isoamyl,  penta- 
thiol-2,  and  benzyl.  All  except  ethyl,  isobutyl,  and  isoamyl 
were  prepared  in  this  laboratory;  the  method  of  preparation 
will  be  published  later.  Ethyl,  isobutyl,  and  isoamylmer- 
captans  n-butyl  and  isoamyl  disulfides,  and  n-butyl  sulfide 
were  purchased  from  the  Eastman  Kodak  Company  and  were 
used  as  received.  The  naphtha  used  had  the  following  physi¬ 
cal  properties: 


Color .  26  +  ° 

A.  P.  I.  gravity  at  60°  F.  (15.6°  C.) .  49.9° 

Per  cent  sulfur  (lamp  method) .  0.028 

Initial  boiling  point .  295°  F.  (146°  C.) 

End  point .  414°  F.  (213°  C.) 


Solutions 

Naphtha.  The  mercaptans  were  weighed  in  sealed  tubes 
and  then  broken  in  a  known  weight  of  naphtha. 

1  Received  May  25,  1929.  This  paper  contains  results  obtained  in  an 
investigation  on  “A  Study  of  the  Reactions  of  a  Number  of  Selected  Organic 
Sulfur  Compounds,”  listed  as  Project  No.  28  of  the  American  Petroleum 
Institute  Research.  Financial  assistance  in  this  work  has  been  received 
from  a  research  fund  of  the  American  Petroleum  Institute,  donated  by 
John  D.  Rockefeller  and  the  Universal  Oil  Products  Co.  This  fund  is 
being  administered  by  the  Institute  with  the  cooperation  of  the  Central 
Petroleum  Committee  of  the  National  Research  Council. 

2  American  Petroleum  Institute  Research  Associate. 

3  Director,  Project  No.  28,  American  Petroleum  Institute  Research. 


Silver  nitrate  was  approxi¬ 
mately  0.05  N  and  the  thio¬ 
cyanate  used  was  0.03  to  0.05 
N.  The  silver  nitrate  was 
standardized  by  precipitating 
silver  chloride  and  weighing 
it. 

Methods  of  Analysis 

A  known  sample  was 
thoroughly  shaken  with  an 
excess  of  silver  nitrate  in  a 
glass-stoppered  Erlenmeyer 
flask.  Two  cubic  centimeters 
of  iron  alum  were  added,  fol¬ 
lowed  by  ammonium  thio¬ 
cyanate  to  an  excess  (to  deep 
red  color) .  This  mixture  was 
shaken  thoroughly  and  the 
excess  of  thiocyanate  re¬ 
moved  by  silver  nitrate  and  then  titrated  to  a  permanent 
pink  color.  When  the  emulsion  that  is  formed  does  not  break 
readily,  5  cc.  of  ethyl  alcohol  are  added  just  before  the  final 
titration. 

Note  After  an  addition  of  the  silver  nitrate  to  a  mercaptan  solution, 
the  silver  mercaptides  form  small  lumps  which  enclose  some  silver  ion,  and 
the  results  are  high.  These  lumps  must  be  shaken  out  entirely  before  the 
true  consumption  of  silver  nitrate  can  be  found.  This  result  can  be  ac¬ 
complished  by  the  use  of  a  shaking  machine  with  an  excess  of  thiocyanate 
ion,  but  the  thiocyanate  ion  itself  may  be  held  in  the  emulsion  or  scum 
formed  and  cause  low  results.  Therefore,  it  is  best  to  make  several  de¬ 
terminations  of  the  net  consumption  of  silver  ion  with  the  sample,  and  the 
last  three  of  these  should  agree  within  the  experimental  error  of  reading 
the  burets.  Two  readings  are  usually  taken  on  each  sample,  one  at  a 
faint  pink  and  the  other,  white;  these  readings  should  not  vary  more  than 
0.03  cc.  Usually  when  there  is  no  excess  of  silver  ion  or  thiocyanate  ion, 
the  emulsion  is  absent  and  in  its  place  is  seen  a  scum  over  the  surface  of 
the  solution  in  the  flask. 

The  percentage  of  sulfur  is  calculated  as  follows: 

Cc.  AgN03  X  normality  AgN03  X  0.03206  X  100 

Weight  of  sample 

=  per  cent  of  mercaptan  sulfur 

If  the  lamp  sulfur  is  to  be  used  for  residual  sulfur,  the  sample 
is  shaken  with  an  excess  of  silver  nitrate  and  the  silver  mer-  • 
captides  formed  are  filtered  off,  washed  thoroughly  with  water, 
and  the  sulfur  in  the  solution  determined. 

Results 

Table  I  shows  that  the  percentage  of  a  mercaptan  can  be  de¬ 
termined  with  an  average  absolute  error  of  0.002  per  cent  or 
a  relative  error  of  4  per  cent.  Unless  great  care  is  used,  this 
value  is  high,  owing  to  the  difficulty  of  removing  the  excess 
silver  nitrate  that  is  held  in  the  emulsion.  The  percentage  of 
mercaptan  sulfur  (using  n-propyl  mercaptan)  was  found  to  be 
0.0530  with  a  25-cc.  sample  and  0.0541  with  a  15-cc.  sample. 
Other  naphthas,  which  will  be  described  in  a  later  paper,  were 
used  with  the  same  accuracy  in  the  estimation  of  mercaptans. 

Mercaptans  can  be  removed  by  the  use  of  silver  nitrate  and 
the  residual  sulfur  estimated  by  the  lamp  method.  The  per¬ 
centage  of  sulfur  in  the  naphtha  at  the  beginning  was  0.028. 
Table  I  shows  the  percentage  of  sulfur  added  as  isopropyl, 


P.  Borgstrom2  and  E.  Emmett  Reid3 

The  Johns  Hopkins  University,  Baltimore,  Md. 

A  method  for  the  estimation  of  mercaptan  based  on 
titration  with  silver  nitrate  and  ammonium  thio¬ 
cyanate  is  outlined.  Alternatively,  the  mercaptans  can 
be  removed  by  silver  nitrate  and  the  sulfur  deter¬ 
mined  by  the  usual  lamp  method. 

Acidified  cadmium  chloride  does  not  remove  the  mer¬ 
captans  studied. 

Mercury  used  for  the  removal  of  elementary  sulfur 
as  first  recommended  by  Ormandy  and  Craven  (4)  and 
later  altered  by  Faragher,  Morrell,  and  Monroe  (3) 
does  not  remove  the  mercaptans  studied. 

Glacial  acetic  acid  and  zinc  used  for  the  reduction 
of  disulfides  cause  a  partial  decomposition  of  the 
mercaptans;  hence  the  titration  method  cannot  be 
used.  The  percentage  of  sulfur  must  be  determined 
by  some  method,  such  as  the  lamp  method,  applied 
before  the  reduction  and  after  the  removal  of  the  re¬ 
sulting  mercaptans  and  other  substances  formed  from 
the  disulfides. 
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n.-amyl,  and  sec-amyl  mercaptan.  After  treatment  with  sil¬ 
ver  nitrate  the  average  percentage  of  sulfur  found  in  the 
naphtha  used  with  isopropyl  mercaptan  was  0.027;  with 
n-amyl  mercaptan,  0.028;  and  with  sec-amyl  mercaptan, 
0.029.  In  every  solution  tested,  the  naphtha  was  “doctor” 
sweet  after  removal  of  the  mercaptan,  no  difference  being 
found  by  varying  the  mercaptan  or  the  naphtha. 

Note — On  reduction  of  the  sample  with  zinc  and  glacial  acetic  acid 
and  removal  of  the  mercaptan  by  silver  nitrate,  a  faint  trace  of  mercaptan 
was  found  with  aqueous  doctor.  This  trace  of  disulfide  must  have  been 
formed  during  the  titration,  since  the  original  naphtha  gave  negative  results 
by  the  same  test,  and  may  have  been  caused  by  a  trace  of  the  elemental 
sulfur  used  in  sweetening  the  naphtha.  Since  the  doctor  test  gives  positive 
results  with  0.001  per  cent  of  mercaptan  sulfur,  the  amount  of  disulfide 
formed  in  the  solutions  tested  was  of  this  order  of  magnitude. 

Table  I — Determination  of  Mercaptan  Sulfur  in  Naphtha 
Solution  by  Titration 


Solfur 

Sulfur 

Sulfur 

Sulfur 

Mercaptan 

Added 

Found 

Mercaptan 

Added 

Found 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Ethyl 

0.0550 

0.0574 

n-Arayl 

0.0501 

0.0515 

n-  Propyl 

0.0543 

0.0541 

Isoamyl 

0.0487 

0.0479 

Isopropyl 

0.0530 

0.0538 

sec-Amyl 

0.0470 

0 . 0483 

n-Butyl 

0.0477 

0 . 0472 

sec-Butyl 

0. 121 

0.127 

Isobutyl 

0.0528 

0.0501 

Benzyl 

0. 1078 

0. 1067 

sec-Butyl 

0.0491 

0.0514 

As  has  been  previously  stated  (S)  mercury  has  been  used  to 
remove  elemental  sulfur.  The  mercaptan  solutions  were 
shaken  with  mercury  that  had  been  washed  with  hydrochloric 
acid  (5)  and  the  percentage  of  mercaptan  sulfur  determined 
after  this  treatment.  No  mercaptan  was  removed,  the  analy¬ 
sis  after  the  treatment  showing  a  variation  of  ±0.0025  per 
cent  from  the  original.  Acidified  cadmium  chloride,  recom¬ 
mended  for  the  removal  of  hydrogen  sulfide  (3),  was  used  as 
directed  on  these  mercaptan  solutions.  No  mercaptan  was 
removed,  the  percentage  of  mercaptan  sulfur  determined  after 
this  treatment  showing  a  variation  of  ±0.0029  per  cent  from 
the  original.  These  tests  show  that  the  removal  of  sulfur  by 


mercury  and  of  hydrogen  sulfide  by  acidified  cadmium  chlo¬ 
ride  does  not  affect  the  mercaptan  content  in  the  cases  studied. 

The  ratio  of  silver  nitrate  to  ammonium  thiocyanate  showed 
no  alteration  in  the  presence  of  a  naphtha  sample  containing 
10  mg.  of  sulfur  as  n-butyl  disulfide,  isoamyl  disulfide,  or 
isoamyl  sulfide. 

The  reduction  of  a  disulfide  by  glacial  acetic  acid  and  zinc 
to  the  corresponding  mercaptan  is  accompanied  by  reactions 
that  decompose  the  mercaptan.  The  titration  of  the  mercap¬ 
tan  formed  by  silver  nitrate  in  such  solutions  will  give  er¬ 
roneous  results.  Thus  a  solution  of  n-butyl  disulfide  made  to 
a  strength  of  0.0477  per  cent  of  sulfur  gave  0.0440  per  cent  of 
sulfur  after  3  hours  and  0.0392  per  cent  after  4!/2  hours  of  di¬ 
gestion.  Confirming  this  result,  hydrogen  sulfide  was  de¬ 
tected  by  the  addition  of  hydrochloric  acid  to  the  zinc. 
Therefore,  the  determination  of  the  sulfur  in  the  naphtha  after 
the  removal  of  the  mercaptan  by  some  means  is  necessary. 

Other  reagents  can  be  used  for  the  removal  of  mercaptans 
from  naphtha,  and  the  results  of  such  a  study  will  be  given  in 
another  paper.  In  the  place  of  silver  nitrate,  salts  of  mercury 
can  be  used  (S').  Whether  silver  nitrate  is  applicable  to  all 
cases  is  questionable,  since  it  may  react  with  other  sulfur  com¬ 
pounds  and  may  possibly  not  react  with  some  mercaptans;  but 
for  the  study  of  the  removal  of  certain  mercaptans  from 
naphtha,  it  has  proved  to  be  very  useful.  Before  extending 
the  method  to  all  mercaptans  (or  to  a  distillate) ,  it  should  be 
tested  with  other  mercaptans  of  different  structure  and  length 
of  carbon  chain. 
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Relation  between  Physical  Characteristics  and 
Lubricating  Values  of  Petroleum  Oils' 

E.  D.  Ries 

The  Pennsylvania  State  College,  State  College,  Pa. 


THE  properties  of  a 
petroleum  oil  most 
often  considered  when 
evaluating  it  as  a  lubricant 
are  gravity,  color,  cold  test, 
carbon  residue,  viscosity,  vis¬ 
cosity-temperature  coeffi¬ 
cient,  flash  and  fire,  and  lately 
evaporation.  As  pointed  out 
by  R.  E.  Wilson  at  the  In¬ 
stitute  of  Chemistry  in  1928, 
oiliness  and  resistance  to  oxi¬ 
dation  should  be  included  if 
satisfactory  tests  can  be  found 
for  them.  Owing  to  lack  of 
specific  knowledge  of  the  con¬ 
stitution  of  petroleum,  we  are 
dependent  on  empirical  tests  and  their  relation  to  past  ex¬ 
perience  for  deciding  which  oil  is  the  most  suitable  under  any 

1  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  77th 
Meeting  of  the  American  Chemical  Society,  Columbus,  Ohio,  April  29  to 
May  3,  1929. 


given  conditions.  This  in¬ 
troductory  paper  is  intended 
to  bring  out  certain  new  ideas 
regarding  the  relation  of  the 
various  tests  to  use  and  cer¬ 
tain  experimental  results  on  a 
few  of  the  properties  so  de¬ 
termined.  Therefore,  a  brief 
discussion  of  each  of  the 
above-mentioned  tests  will 
not  be  out  of  place. 

Gravity 

The  question  of  gravity  can 
be  dismissed  in  a  few  words. 
When  considered  with  the  other  physical  properties  of  an  oil, 
it  gives  evidence  of  the  nature  of  the  crude  from  which  the 
lubricant  is  made  and  probably  what  cut  it  is;  but  beyond 
this  it  must  be  recognized  that  gravity  is  no  indication  of 
lubricating  value. 


This  paper  is  a  preliminary  report  of  the  work  done 
thus  far  in  a  projected  experimental  program  of  the 
Chemical  Engineering  Laboratory  of  the  Pennsylvania 
State  College.  Certain  well-known  material  has  been 
included  for  the  sake  of  outlining  a  complete  basis  on 
which  to  evaluate  a  lubricant. 

Tests  for  physical  characteristics  are  discussed  in  the 
light  of  their  relation  to  lubrication.  It  is  shown  that 
some  tests  are  satisfactory,  others  are  non-essential, 
still  others  are  inadequate  and  need  to  be  changed,  and 
certain  new  tests  must  be  devised. 

Paraffin  wax  is  found  to  decrease  Conradson  carbon 
values.  Temperature  coefficients  of  viscosity  are  found 
to  be  changed  by  vacuum  distillation.  A  plea  is  made 
for  the  establishment  of  a  rational  basis  for  evaluating 
lubricating  oils. 
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Color 

The  color  specification  on  oil  is  in  the  same  category  as 
gravity.  As  an  indication  of  the  thoroughness  of  some 
stages  of  refining  it  is  of  value,  but  it  gives  no  indication  of 
lubricating  power.  This  is  readily  seen  from  the  fact  that  a 
definite  color  can  be  secured  by  mixing  a  small  amount  of 
bright  stock  with  gasoline,  producing  a  mixture  which  is 
obviously  unsuited  for  lubricating  an  internal-combustion 
engine.  On  the  other  hand,  since  the  public  has  been  edu¬ 
cated  to  demand  a  “good  color”  in  oils,  the  refiner  is  often 
forced  to  increase  his  operating  expense  to  obtain  a  “good 
color”  in  a  material  already  suitable  as  a  lubricant. 

Cold  Test 

The  cold  test  is  intended  to  give  an  indication  of  that 
temperature  below  which  the  oil  will  not  flow  readily  and 
consequently  lubrication  is  poor.  However,  the  A.  S.  T.  M. 
cold  test  does  not  tell  the  whole  story.  The  question  has 
been  studied  in  detail  by  Wilkin,  Oak,  and  Barnard  {12). 
Some  work  was  done  along  this  line  in  this  laboratory  just 
prior  to  the  publication  of  the  above-mentioned  article. 
A  Winch  (6-mm.)  glass  tube  was  immersed  in  the  A.  S.  T.  M. 
cold-test  tube  beside  the  standard  thermometer.  The  tube 
was  connected  through  a  valve  to  a  vacuum  pump  and  pres¬ 
sure  regulator  so  that  a  given  suction  could  be  applied  at 
will.  The  temperature  was  then  lowered  in  successive  runs 
and  the  reading  taken  at  the  temperature  at  which  air  was 
sucked  in  continuously  after  a  hole  had  been  pulled  in  the  oil. 
No  screen  was  used  on  the  end  of  the  tube.  The  results  for 
different  immersions  and  for  three  different  Pennsylvania  oils 
are  shown  in  Table  I. 

Table  I — Cold  Test  Data 


A.  S. 

T.  M. 

Temperature  for  Tube  Submerged: 

Cold  Test 

'/i in. 

(0.63  cm.) 

1  in. 

(2.54  cm.) 

2  in. 

(5.08  cm.) 

Oil 

°  F. 

°  C. 

°  F. 

°C. 

°  F. 

°  C. 

0  F. 

°  C. 

A 

24 

-4.4 

32 

0 

20 

-  6.7 

10 

-12.2 

B 

22 

-5.6 

28 

-2.2 

16 

-  8.9 

6 

-14.4 

C 

18 

-7.8 

24 

-4.4 

14 

-10.0 

8 

-13.3 

It  is  evident  from  the  table  that  there  is  a  rough  parallelism 
between  the  A.  S.  T.  M.  cold  test  and  the  actual  point  at 
which  the  flow  ceases,  but  that  the  numerical  values  of  the 
A.  S.T.  M.  cold  test  mean  little.  For  example,  the  values 
given  for  2-inch  immersion,  which  is  not  uncommon  in  present 
motors,  show  why  it  is  possible  to  get  circulation  with  Penn¬ 
sylvania  oil  at  temperatures  below  the  cold  test.  These 
results  together  with  those  of  Wilkin,  Oak,  and  Barnard  on 
the  apparent  viscosity  of  oils  below  the  cold  point,  clearly 
show  that  oil  inlets  to  the  pump  should  be  as  large,  as  short, 
and  as  deeply  submerged  as  practicable,  and  that  screens  or 
other  filtering  media  should  be  located  on  the  pressure  lines 
with  pressure  relief  by-passing  to  take  care  of  possible  clog¬ 
ging.  No  work  has  been  done  in  this  laboratory  on  oils  from 
other  crudes,  but  it  is  hoped  that  such  a  study  will  be  in¬ 
cluded  in  the  continued  work  mentioned  by  the  above  authors 
at  the  end  of  their  article. 

Carbon  Residue 

The  carbon-forming  tendency  of  an  oil  is  generally  meas¬ 
ured  by  the  Conradson  carbon  residue  test.  There  have 
been  many  arguments  pro  and  con  regarding  this  test,  but 
the  writer  believes  that  it  has  a  real  significance.  The  ex¬ 
cellent  work  of  Marley,  Livingstone,  and  Gruse  (7),  as  well 
as  others,  seems  to  offer  conclusive  proof  of  its  suitability. 
Probably  many  of  the  arguments  against  it  have  been  based 
on  the  fact  that,  in  motors  with  well-fitted  pistons  and  rings 
and  without  excessive  splashing  in  the  crankcase,  high-carbon 
oils  have  deposited  little  carbon,  the  fallacy  being  due  to 
the  low  oil  movement  past  the  rings.  Where  the  oil  con¬ 
sumption  in  normal  operation  can  be  traced  to  movement  of 


oil  into  the  combustion  space,  high-carbon  oils  show  greater 
and  harder  deposits  than  low-carbon  oils,  the  numerical  ratio 
depending  on  the  oil  consumption. 

Another  prevalent  misconception  is  that  Pennsylvania  oils 
give  more  carbon  than  others  of  about  the  same  viscosity 
range  owing  to  their  wax  content.  In  the  course  of  pre¬ 
paring  distillates  for  another  purpose  the  question  was  in¬ 
vestigated  experimentally  in  this  laboratory. 

The  oils  used  were  distilled  from  Pennsylvania  crude  at 
temperatures  below  350°  F.  (177°  C.),  using  fire  and  a  large 
excess  of  steam;  and  they  contained  varying  quantities  of 
wax,  depending  on  the  cut.  In  order  to  make  this  part  of 
the  work  complete,  a  finished  oil  purchased  from  the  service 
station  was  also  tested,  its  wax  content  being  varied  by  the 
addition  of  Parawax.  Outside  of  dewaxing  the  distillates 
and  adding  wax  to  the  commercial  oil,  no  other  treatment 
was  given.  A  Conradson  carbon  test  was  made  on  the  dis¬ 
tillates  as  received  from  the  still.  They  were  then  dewaxed 
using  the  solvent  method  with  a  mixture  of  ethylene  chloride 
and  methyl  ethyl  ketone,  and  the  Conradson  carbon  was 
again  determined  at  the  end  of  this  process.  Similarly,  the 
carbon  values  were  determined  for  the  commercial  oil  before 
and  after  the  addition  of  increasing  amounts  of  Parawax. 
Carbon  tests  were  also  made  on  the  crude  from  which  the 
distillates  were  produced  and  on  Parawax  alone.  The  re¬ 
sults  are  shown  in  Tables  II  and  III. 

Table  II — Effect  of  Wax  Content  on  Carbon  Residue 


Parawax  Added  per 

Conradson 

100  Parts  Oil 

Carbon 

Paris 

Per  cent 

0.0 

0.48 

6.3 

0.39 

12.2 

0.38 

22.7 

0.34 

33.4 

0.35 

59.1 

0.28 

64.8 

0.19 

Table  III — Carbon  Tests  before  and  after  Dewaxing 

Wax 

Carbon 

Carbon 

Removed  per 

before 

AFTER 

100  Parts  De¬ 

Sample 

Gravity 

Dewaxing 

Dewaxing 

waxed  Oil 

°  A .  P.  I. 

Per  cent 

Per  cent 

Parts 

E 

29.7 

0.50 

0.60 

14.0 

M 

30.7 

0.37 

0.49 

10.4 

Z 

30.3 

0.33 

0.34 

2.9 

z 

30.3 

0.33 

0.40 

9.3 

c 

29.8 

0.20 

0.28 

8.3 

A 

33.4 

0.16 

0.24 

22.0 

B 

32.1 

0.05 

0.05 

9.1 

N 

33.0 

0.03 

0.03 

14.0 

Parawax 

0.00 

Penna.  crude  39.1 

0.31 

The  data  of  Table  II  are 

plotted  in 

Figure  1. 

Although  it  is  difficult  to  secure  close  checks  in  determining 
carbon  residue  by  the  Conradson  method,  the  figures  in  the 
second  decimal  place  in  the  tables  are  significant  as  they  were 
determined  from  several  check  runs.  The  tables  clearly  show 
that,  in  general,  the  removal  of  wax  increases  the  Conradson 
carbon  number  of  the  dewaxed  oil,  and  also  that  the  wax 
itself  forms  no  carbon  in  the  test.  The  increase  in  carbon 
formation  upon  removal  of  the  wax  except  in  the  low-residue 
oils  can  readily  be  explained  on  the  basis  that  the  hydro¬ 
carbons  that  are  more  volatile  than  wax  give  no  carbon  resi¬ 
due,  while  those  that  have  the  same  or  less  volatility  are  the 
main  carbon-forming  constituents.  On  this  basis  the  wax 
in  the  heavier  cuts  acts  principally  as  a  diluent.  However, 
it  has  a  further  effect  during  the  test,  as  shown  in  Figure 
2.  The  line  shown  corresponds  to  simple  dilution  and  is  the 
graph  of  the  equation 


where  C a  =  carbon  residue  after  adding  wax 
Cb  =  carbon  residue  of  original  oil 
W  =  parts  (by  weight)  of  wax  per  100  parts  original  oil 
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For  the  data  in  Table  II, 

Ca  =  carbon  residue  after  dewaxing 
Cb  =  carbon  residue  of  original  oil 

W  =  parts  (by  weight)  wax  removed  per  100  parts  dewaxed 
oil 


It  will  be  noticed  that  all  the  points  lie  above  the  dilution 
curve  except  those  corresponding  to  samples  B  and  N  in  Table 

II,  which  showed  such 
low  carbon  values 
that  no  precision 
could  be  obtained. 
The  location  of  the 
points  can  be  inter¬ 
preted  only  to  mean 
that  the  vaporization 
of  the  wax  carries  the 
heavier  compounds 
off  before  they  have 
a  chance  to  crack 
down  to  carbon. 

This  explanation  is 
consistent  with  the 
results  of  Marley, 
Livingstone,  and  Gruse  (7)  and  also  with  those  of  Donald¬ 
son  (4).  The  latter  has  shown  that  oils  with  a  moderate 
volatility  will  distil  off  in  a  current  of  air  leaving  little 
residue.  Those  oils  of  less  volatility  are  cracked  before  they 
can  vaporize  and  deposit  gum  and  carbon  on  the  hot  surface. 
These  data,  together  with  the  above  on  carbon  residue,  show 
that,  in  the  case  of  Pennsylvania  oils  at  least,  high  carbon 
residue  is  not  due  to  high  wax  content,  but  rather  to  the 
fact  that  these  oils  are  less  volatile  than  those  in  approxi¬ 
mately  the  same  viscosity  range  made  from  other  crudes. 
The  same  fact  has  also  been  brought  out  by  direct  test,  as 
shown  by  the  results  of  the  Cadillac  Motor  Company’s 
evaporation  test  which  has  recently  caused  so  much  dis¬ 
cussion  among  oil  men  ( 9 ) . 


Volatility — Flash  and  Fire  Tests 


The  question  of  volatility  is  thus  drawn  into  the  discussion 
entirely  apart  from  its  bearing  on  consumption  in  an  internal- 
combustion  engine.  Recognition  that  a  lubricating  oil  for 
automotive  service  must  be  relatively  low  in  volatility  is 
long  standing.  At  present  it  is  well  known  that  fire  and 
flash  tests  are  not  a  true  measure  of  the'  average  volatility  of 
an  oil,  since  a  small  amount  of  relatively  volatile  component 
will  materially  lower  the  fire  and  flash  without  causing  undue 
percentage  loss  by  evaporation.  A  much  more  suitable 
test  would  be  a  vacuum  distillation,  such  as  the  one  de¬ 
scribed  by  Peterkin  and  Ferris  {10)  which  would  give  a  vola¬ 
tility  curve  similar  to  the  Engler  curve  for  gasoline,  indi¬ 
cating  in  the  case  above,  for  instance,  that  a  low  flash  and 
fire  are  to  be  expected  from  the  shape  of  the  low  end  of  the 
curve,  but  that  the  average  volatility  as  indicated  by  the 
middle  and  upper  sections  of  the  curve  is  nevertheless  also 
lowr.  This  sort  of  a  test  requires  more  skill  in  control  and 
somewhat  more  complicated  apparatus,  but  the  results  are 
infinitely  more  valuable  than  those  of  flash  and  fire  tests. 
On  the  other  hand,  the  latter  are  very  suitable  in  the  refinery 
for  control  purposes  where  the  product  varies  little  from  day 
to  day  and  only  small  variations  need  to  be  checked.  Flash 
and  fire  were  originally  applied  to  oils  as  they  had  been  to 
lighter  fractions  to  determine  safe  temperatures  for  their 
use.  To  this  day,  although  there  is  no  longer  need  of  them, 
they  are  emphasized  to  the  public  as  prime  requisites  in  a 
lubricant.  They  indicate  nothing  as  regards  lubricating 
power  and  only  serve  to  give  inaccurate  data  on  evaporation 
in  certain  cases,  such  as  the  one  discussed  above. 


The  Cadillac  Motor  Company’s  test  was  described  and 
discussed  by  Earl  E.  Bown  and  others  at  the  National  Petro¬ 
leum  Association  meeting  in  1928  (§).  The  discussion  in  this 
article  is  very  pertinent  and  the  reader  who  is  interested  in 
volatility  should  consult  this  reference. 

It  is  certain  that  in  the  distillation  tests  the  final  tem¬ 
peratures  lie  in  the  cracking  range  and  therefore  the  results 
are  dependent,  not  only  on  the  volatility,  but  also  on  the 
rate  of  cracking.  Certainly  in  a  motor  there  is  no  need  for 
oil  to  be  exposed  to  any  such  temperatures  as  these  except 
in  the  combustion  chamber,  where,  as  shown  above  in  dis¬ 
cussing  carbon  residue,  moderate  volatility  is  an  asset. 
More  work  needs  to  be  done  in  correlating  the  volatility 
test  with  block  and  road  tests  before  definite  conclusions  can 
be  reached.  A  word  of  warning,  however,  should  be  sounded 
in  the  meantime.  There  are  many  motors  in  use  at  the 
present  time  in  which  the  oil  temperature  in  the  crankcase  is 
low  enough  so  that  volatility  is  of  no  practical  importance. 
The  use  of  low-volatility  oils  in  these  motors  will  secure  no 
better  economy  than  can  be  had  with  more  volatile  oils;  and 
an  attempt  to  secure  only  low-volatile  oil  might  seriously 
limit  the  available  supply  of  lubricant. 

Viscosity 

The  effect  of  viscosity  on  lubrication  has  been  widely 
studied,  and  general  agreement  exists  that,  in  the  fluid-film 
region  at  least,  which  is  the  normal  operating  condition  for  a 
properly  designed  bearing,  the  modulus  zN/p  (?,  13,  1,  8) 
can  be  used  to  determine  relative  lubricating  efficiencies. 
The  interpretation  of  results  must,  of  course,  be  conservative 
and  applied  with  judgment.  Within  the  range  of  experi¬ 
ments  made  to  check  this  relation  the  agreement  is  very 
good. 

Temperature-Viscosity  Coefficient 

The  rate  of  change  of  viscosity  with  temperature — in  other 
words,  the  temperature-viscosity  coefficient — is  probably  of 
equal  importance,  since  it  measures  the  amount  of  thinning 
at  high  temperatures 
and  of  thickening  at  3 
low.  An  oil  with  a 
high  temperature-vis¬ 
cosity  coefficient  might 
be  so  thick  at  tempera¬ 
tures  near  the  cold 
point  as  to  prevent 
sufficient  oil  from  being  2 
carried  to  the  rubbing 
surfaces;  and  yet  be  so 
thin  under  operating 
conditions  that  the 
bearing  would  be  run¬ 
ning  at  zN/p  values  , 
dangerously  close  to 
the  critical  point. 

It  is  well  known  that,  if  the  logarithm  of  the  viscosity  of  a 
petroleum  fraction  is  plotted  against  the  logarithm  of  the 
temperature,  the  graph  obtained  is  a  straight  line  {11).  Fur¬ 
ther,  the  higher  the  viscosity  of  a  fraction  the  steeper  the  line. 
The  slopes  of  the  lines  are  obviously  the  temperature-vis¬ 
cosity  coefficients  of  the  respective  fractions.  If  Wilson  and 
Barnard’s  ( 14 )  suggestion  of  expressing  the  slope  as  the  ratio 
of  the  viscosity  at  100°  F.  (38°  C.)  to  that  at  210°  F.  (99° 
C.)  is  adopted,  the  coefficient  can  be  specified  in  terms  of 
quantities  usually  determined. 

Little  attention  has  been  paid  to  this  specification,  though, 
probably  owing  to  the  general  assumption  that  it  is  a  charac¬ 
teristic  of  the  crude  and  cannot  be  varied — in  other  words, 
that  paraffin  base  crudes  have  the  lowest  temperature-vis- 
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cosity  coefficient,  etc.  This  assumption  is  far  from  true, 
however.  The  following  specifications  of  samples  N  and  Z 
after  dewaxing,  and  for  a  commercial  Pennsylvania  lubricat¬ 
ing  oil  made  from  a  similar  crude,  show  that  the  coefficient 
can  be  changed  by  changing  the  refining  methods: 


Gravity,  °A.  P.  I. 

Sample  "N“ 
33.0 

Sample “Z" 
30.3 

Pennsylvania 

Oil 

29.8 

Viscosity  at  100°  F. 

(38°  C.),  sec. 

172 

479 

431 

Viscosity  at  210°  F. 

(99°  C.),  sec. 

49 

68 

64 

Cold  test,  °  F. 

24 

24 

22 

Flash,  °  F. 

396 

428 

410 

Fire,  °  F. 

454 

491 

480 

Carbon  residue,  per  cent 

0.03 

0.40 

0.48 

By  using  high-vacuum  methods  of  preparing  the  distillates, 
on  which  further  work  is  being  done  in  this  laboratory  and 
which  will  be  described  in  a  later  paper,  oils  with  still  flatter 
temperature-viscosity  curve  were  made.  The  specifications 
of  one  of  these  oils  are  given  below : 


Gravity,  °A.  P.  I. 

29.5 

Viscosity  at  100°  F.  (38°  C.),  sec. 

358 

Viscosity  at  210°  F.  (99°  C.),  sec. 

78 

Cold  test,  °  F. 

24 

Flash,  °  F. 

430 

Fire,  °  F. 

485 

Carbon  residue,  per  cent 

0.17 

It  should  be  noted  that  this  vacuum-distilled  oil  has  a 
viscosity  at  210°  F.  (99°  C.)  higher  than  most  oils  now 
marketed  for  use  in  automobiles  and  yet  has  a  relatively 
low  viscosity  at  100°  F.  (38°  C.)  as  well  as  a  low  carbon 
residue  for  paraffin-base  oils  of  this  viscosity  range.  The 
oil  is  stable  and  does  not  change  in  properties  when  heated  to 
the  fire  point. 

The  advantages  of  vacuum  distillation  for  producing 
oils  of  low  temperature-viscosity  coefficients  are  emphasized 
by  Figure  3.  It  will  be  noted  that,  in  general,  paraffin-base 
oils  have  lower  coefficients  than  naphthene,  that  blends  of 
the  two  have  coefficients  in  an  intermediate  zone,  and  that 
vacuum-distilled  paraffin  oils  have  the  lowest  coefficients  of 
all. 


solid  film  (15),  but  the  film  must  have  the  proper  structure. 
Since  Wilson  and  Barnard  found  that  capillaries  clogged 
more  rapidly  when  oil  was  circulated  through  them  than  when 
they  were  simply  immersed  in  the  same  amount  of  oil,  it  is 
evident  that  the  film-forming  constituents  of  an  oil  must  be 
relatively  small  in  amount  and  highly  diluted  with  inactive 
component.  Some  work  by  Gilson  (5)  indicates  that  the 
structure  of  the  film  is  dependent  upon  the  nature  of  the  bear¬ 
ing  metals  and  that  the  atmosphere  surrounding  the  oil  has 
a  great  effect  upon  its  lubricating  power.  The  work  was 
only  preliminary  and  more  needs  to  be  done,  but  the  results 
are  startling.  For  example,  when  petroleum  oils  are  run 
in  an  atmosphere  of  hydrogen  the  coefficient  of  friction  in¬ 
creases,  but  when  air  or  oxygen  is  supplied  the  reverse  takes 
place.  Vegetable  and  animal  oils  act  in  just  the  opposite 
way.  Evidently  in  the  case  of  petroleum  oils  an  oxidation  of 
some  sort  takes  place,  producing  what  can  be  called,  for 
lack  of  a  more  exact  name,  “polar  compounds” — i.  e.,  those 
that  form  the  lubricating  film.  It  is  of  interest  to  note  that 
since  Gilson’s  shaft  was  held  concentrically  in  the  bearing  by 
outside  bearings,  the  values  of  zN/p  approach  infinity,  but 
that,  even  under  these  conditions  other  factors,  such  as  the 
materials  of  the  bearing,  have  an  effect.  Obviously,  then, 
resistance  to  oxidation  should  be  great  enough  to  prevent 
sludging  of  the  oil  but  should  allow  the  formation  of  the  film¬ 
forming  components. 

A  more  exact  measure  of  the  rate  at  which  these  “polar 
compounds”  form  can  be  gained  by  using  Langmuir’s  ( 6 ) 
water-spreading  method.  Some  preliminary  investigations 
in  the  laboratory  have  indicated  that  there  are  considerable 
differences  between  various  commercial  oils  in  this  respect. 
This  work  is  being  continued  and  will  also  be  reported  later. 
Obviously,  in  the  first  few  cases  it  is  necessary  to  check  the 
film-forming  tendency  with  friction  measurements.  At  the 
present  time  it  appears  that  the  best  oil  from  this  standpoint 
is  one  which  forms  the  “polar  compounds”  at  just  the  right 
rate  to  keep  the  bearings  covered  with  plastic  solid  films. 

Conclusion 
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Oiliness  and  Resistance  to  Oxidation 

As  yet  there  are  no  completely  satisfactory  tests  for  “oili¬ 
ness”  or  for  resistance  to  oxidation.  Considerable  work  has 
been  done  on  trying  to  measure  oiliness  ( 2 ,  12,  1,  8).  The 
methods  all  consist  in  measuring  the  static  coefficient  of 
friction  by  one  means  or  another  or  in  locating  the  critical 
zN/p  value.  Wilson  and  Barnard  (13)  investigated  the  build¬ 
ing  up  of  an  oil  film  in  capillaries  and  pointed  out  that  all  film¬ 
forming  substances  do  not  lower  the  static  coefficient  of 
friction.  In  other  words,  it  is  not  sufficient  to  form  a  plastic 


It  is  hoped  that  the  above  discussion  has  emphasized  the 
fact  that  the  empirical  tests  now  used  for  petroleum  oils 
tell  far  from  the  whole  story  on  performance— that  certain 
of  them  are  of  little  use  and  should  be  abandoned,  that 
others  should  be  retained,  and  that  still  others  must  be 
changed  or  new  ones  devised.  In  the  author’s  opinion,  those 
to  be  abandoned  are  gravity,  color,  flash,  and  fire;  those  to 
be  retained,  carbon  residue,  viscosity,  and  viscosity-tem¬ 
perature  coefficient  (remembering  that  the  latter  is  a  property 
not  necessarily  characteristic  of  the  crude);  and  those  to  be 
changed  or  devised  anew,  cold  test,  evaporation,  “oiliness,” 
and  resistance  to  oxidation.  The  last  two  classes  should 
furnish  a  satisfactory  basis  for  evaluating  the  lubricating  quali¬ 
ties  of  an  oil.  The  last  class  includes  those  tests  on  which 
further  research  should  be  carried  out. 

Any  criticisms  or  suggestions  as  to  changes  in  this  basis  for 
evaluating  an  oil  will  be  gratefully  received,  since  the  mere 
establishment  of  a  basis  suitable  to  all  will  greatly  advance 
the  preparation  of  the  best  lubricant. 
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Determination  of  True  Sodium  Content  of  Calcium 
Carbonate  Intended  for  Use  in  J.  Lawrence 
Smith  Method  for  Alkalies' 


Earle  R.  Caley 


Princeton  University,  Princeton,  N.  J. 


THE  usual  method  of  testing  reagent-grade  calcium 
carbonate  for  its  alkali  salt  content  is  to  boil  4  grams 
of  the  salt  with  50  cc.  of  water,  filter,  evaporate  the 
extract  to  dryness,  and  ignite  and  weigh  the  residue  remain¬ 
ing  (3).  It  has  long  been  recognized  that  this  method  is  de¬ 
fective  in  principle,  since  it  is  generally  impossible  to  extract 
small  amounts  of  adsorbed  alkali  salts  from  insoluble  precipi¬ 
tates  by  a  simple  washing  process.  Several  experimenters 
have  amply  demonstrated  this  in  the  case  of  calcium  carbon¬ 
ate  in  particular  {4).  Until  recently,  no  suitable  method  of 
rapidly  and  accurately  testing  this  chemical  for  alkali  salts 
has  been  available.  It  appeared  to  the  writer  that  the  im¬ 
proved  magnesium-uranyl  acetate  method  for  the  direct 
determination  of  sodium  ( 1 )  would  provide  a  means  for 
accurately  determining  the  alkali  content  of  this  material, 
since  by  this  method  it  is  possible  to  determine  small  amounts 
of  sodium  in  the  presence  of  very  large  amounts  of  calcium, 
and  the  alkali  content  of  reagent  calcium  carbonate  consists 
almost  wholly  of  sodium  in  some  form,  probably  as  the 
carbonate  (2,  A)-  Experiments  were  therefore  instituted 
which  resulted  in  the  formulation  of  a  suitable  procedure  for 
the  accurate  determination  of  sodium  in  this  reagent.  Test 
analyses  were  made  on  several  representative  samples  of 
calcium  carbonate  from  different  sources  by  this  new  method, 
and  the  results  were  compared  with  those  obtained  by  the 
extraction  method  as  described  in  detail  below. 

Experimental  Part 

The  extraction  method  used  in  these  experiments  was  that 
described  by  Murray  (3).  In  order  to  insure  the  absence  of 
weighable  residues  from  sources  other  than  the  calcium  car¬ 
bonate,  blanks  were  run  on  the  distilled  water  used  and  the 
extractions  and  evaporations  were  conducted  in  platinum 
vessels. 

The  magnesium-uranyl  acetate  method  as  modified  for 
this  purpose  was  as  follows. 

Procedure — Weigh  out  2.000  grams  of  the  calcium  car¬ 
bonate  into  a  150-cc.  Erlenmeyer  Pyrex  flask.  Dissolve  the 
sample  by  cautious  additions  of  dilute  (1:1)  hydrochloric  acid 
introduced  through  a  small  funnel  placed  in  the  neck  of  the 
flask.  Evaporate  the  solution  just  to  dryness  on  a  hot  plate 
and  dissolve  the  residue  in  2  to  3  cc.  of  water.  Then  add 
25  cc.  of  magnesium-uranyl  acetate  reagent  and  mix  the  two 
solutions  thoroughly.  Immerse  the  lower  part  of  the  flask 

1  Received  June  11,  1929. 


in  a  large  beaker  containing  water  at  20°  C.  and  stir  the  solu¬ 
tion  with  a  motor  stirrer  for  30  to  45  minutes.  Filter  off  the 
resulting  precipitate  into  a  weighed  Gooch  crucible  and  wash 
with  four  or  five  5-cc.  portions  of  special  wash  liquid.  Finally 
dry  the  crucible  and  precipitate  in  an  air  oven  at  100-105°  C. 
for  30  minutes.  The  weight  of  the  precipitate  multiplied  by 
the  factor  0.0153  gives  the  sodium  content  of  the  sample. 

Preparation  of  Reagent — The  reagent  is  prepared  in 
two  parts,  which  are  mixed  to  obtain  the  final  working  re¬ 
agent. 


Solution  A 

Crystallized  uranyl  acetate .  85  grams 

Glacial  acetic  acid .  60  grams 

Distilled  water .  to  1000  cc. 

Solution  B 

Crystallized  magnesium  acetate .  500  grams 

Glacial  acetic  acid .  60  grams 

Distilled  water . to  1000  cc. 


Each  solution  is  separately  heated  to  about  70°  C.  until  all 
the  salts  are  in  solution,  and  then  the  two  solutions  are  mixed 
at  this  temperature  and  allowed  to  cool  to  20°  C.  The  large 
vessel  containing  the  mixed  reagent  is  then  placed  in  water 
at  20°  C.  and  held  at  this  temperature  for  an  hour  or  two 
until  the  slight  excess  of  salts  has  crystallized  out.  The  re¬ 
agent  is  finally  filtered  through  a  dry  filter  into  a  dry  bottle. 
The  reagent  is  permanent,  although  on  long  standing  there 
may  appear  a  slight  precipitate  due  to  the  reaction  with  the 
sodium  of  the  glass,  in  which  case  it  is  necessary  to  filter  it 
before  using  it  for  an  analysis. 

Preparation  of  Special  Wash  Liquid — Precipitate  the 
sodium  from  1  to  2  cc.  of  dilute  (1  to  2  per  cent)  sodium 
chloride  solution  with  50  cc.  of  the  special  reagent  by  shaking 
the  two  solutions  together  and  wash  the  resulting  precipitate 
of  sodium-uranyl-magnesium  triacetate  with  successive  por¬ 
tions  of  95  per  cent  alcohol.  Suspend  the  washed  precipitate 
in  a  large  volume  of  95  per  cent  alcohol  and  shake  the  mixture 
at  frequent  intervals  for  an  hour.  Finally  filter  the  solution 
and  use  the  filtrate  for  washing  the  sodium  precipitates. 
The  use  of  this  special  wash  liquid  is  necessary  in  order  to  ob¬ 
tain  exact  results  in  washing  very  small  precipitates.  For 
technical  control  purposes  sufficiently  close  results  are  obtain¬ 
able  if  the  precipitates  are  washed  with  ordinary  95  per  cent 
alcohol. 

General  Remarks  on  Procedure — The  excess  of  hydro¬ 
chloric  acid  used  in  the  solution  of  the  sample  must  be  nearly 
all  removed  by  evaporation,  since  precipitation  is  not  com¬ 
plete  in  the  presence  of  free  hydrochloric  acid.  On  the  other 
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hand,  care  must  be  taken  not  to  bake  the  residue  and  thus 
decompose  the  calcium  chloride,  since  in  that  case  it  will  not 
be  possible  to  obtain  a  clear  solution  in  water.  A  safer  pro¬ 
cedure  is  to  finish  the  evaporation  over  a  water  bath.  For 
extensive  manipulative  notes  on  the  remainder  of  the  method 
the  reader  is  referred  to  the  recent  paper  on  the  direct  mag- 
nesium-uranyl  acetate  method  for  sodium  ( 1 ).  No  diffi¬ 
culties  will  be  encountered,  however,  if  the  details  as  given 
above  are  followed. 

Results 

The  average  results  obtained  on  several  representative 
samples  of  reagent-grade  calcium  carbonate  by  both  the  old 
and  new  methods  are  shown  in  Table  I.  In  each  case  the 
actual  sodium  in  the  extraction  residue  was  determined  by 
the  new  method  in  order  to  ascertain  the  actual  amount  of 
alkali  extracted  from  the  samples  by  boiling  with  distilled 
water. 

From  the  data  shown  in  the  table  it  is  obvious  that  the 
extraction  method  gives  neither  true  nor  comparative  results 
for  the  alkali  content  of  reagent-grade  calcium  carbonate. 
The  minute  amounts  of  sodium  found  in  the  residue  obtained 
by  evaporating  the  water  extract  demonstrate  clearly  the 
futility  of  attempting  to  remove  and  determine  adsorbed 
alkali  salts  by  a  washing  process.  The  residues  obtained  by 
extraction  consist  chiefly  of  calcium  carbonate  dissolved  by 
the  relatively  large  volume  of  water  used  in  the  method. 

The  results  also  show  that  there  is  a  considerable  variation 
in  the  sodium  content  of  the  samples  of  reagent-grade  calcium 
carbonate  from  different  sources,  although  the  usual  method 
of  testing  the  material  would  not  indicate  this  variation. 


Table  I — Comparative  Results  in  Determination  of  Sodium  in 
Samples  of  Reagent  Calcium  Carbonate  by  Extraction  Method  and 
by  Magnesium-Uranyl  Acetate  Method 


Sodium 

Alkali 

Sodium 

Alkali 

Content 

Con¬ 

Actually 

Content 

Sodium 

Calcd. 

tent 

Present  in 

Label 

Content 

to 

Extrac¬ 

Extrac¬ 

State¬ 

New 

Carbon¬ 

tion 

tion 

Sample 

ment 

Method 

ate 

Method 

Residue*1 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Standard  stock  material 

None 

0.13 

0.30 

0.02 

0.002 

Standard  stock  material 

0.05 

0.12 

0.28 

0.02 

0.003 

Specially  prepared  lot 

Low 

0.02 

0.05 

0.04 

0.001 

Standard  stock  material 

0.01 

0.008 

0.018 

0.01 

<0.001 

Selected  lot  from  standard 

stock  material 

0.053 

0.006 

0.014 

0.01 

<0.001 

“  Expressed  in  percentage  of  sample  taken. 


It  was  found,  also,  that  the  magnesium-uranyl  acetate 
method  gave  results  for  the  sodium  content  of  this  chemical 
in  a  shorter  time  than  the  usual  extraction  procedure. 

In  conclusion,  it  may  be  stated  that  this  new  method  for 
determining  small  amounts  of  sodium  is  applicable  to  a  wade 
range  of  chemicals  intended  for  reagent  purposes,  especially 
those  of  the  alkali  and  alkaline  earth  groups,  and  even  of 
many  of  the  heavy  metals  as  well.  In  many  of  these  cases 
the  method  as  outlined  above  is  quite  suitable,  but  in  some 
other  cases  certain  modifications  are  necessary.  Investiga¬ 
tions  in  regard  to  these  modifications  are  being  pursued  and  it 
is  intended  to  publish  the  findings  later. 
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Calculation  of  the  Compounds  in  Portland  Cement1 

R.  H.  Bogue 


Portland  Cement  Association  Fellowship,  Bureau  op  Standards,  Washington,  D.  C. 


SYSTEMS  containing 
combinations  of  the 
components  CaO,  MgO, 

AI2O3,  Fe203,  and  Si02  have 
been  studied  and  reported  by 
this  and  other  laboratories 
(3,  5,  7,  8,  10,  11).  It  has 
been  found  that  when  these 
components  are  intimately 
mixed  in  proportions  similar 
to  those  found  in  Portland  cements,  and  burned  to  equilib¬ 
rium,  the  following  compounds  are  formed:  4Ca0.Al203.Fe203, 
3Ca0.Al203,  2Ca0.Si02,  3Ca0.Si02,  and  MgO. 

Note — In  a  former  publication  ( 6 )  it  was  reported  that  MgO  enters  into 
solid  solution  with  4CaO. Ah03.Fe203,  the  end  member  of  the  series  being 
4Ca0.2Mg0.Ah03.Fe203.  Magnesia  in  excess  of  that  required  for  the  above 
combination  was  found  to  remain  as  uncombined  MgO.  More  recent  in¬ 
formation  obtained  in  this  laboratory  indicates  that  the  amount  of  the  solid 
solution  is  much  smaller  than  had  previously  been  reported.  Although 
there  is  no  reasonable  doubt  that  a  large  part  of  the  magnesia  remains 
uncombined,  the  exact  nature  and  degree  of  the  reaction  by  which  the 
4Ca0.Ab03.Fe203  is  changed  in  color  and  pleochroism  in  the  presence  of  a 
small  amount  of  magnesia  has  not  been  determined.  This  problem  is  under 
further  investigation.  At  present  the  magnesia  may  be  considered  as  re¬ 
maining  essentially  uncombined,  and  the  iron  compound  as  existing  essen¬ 
tially  in  the  form  of  4CaO. Al203.Fe2C>3. 

1  Received  June  17,  1929.  Publication  approved  by  the  Director  of 
the  National  Bureau  of  Standards,  U.  S.  Department  of  Commerce,  Paper 
No.  21  of  the  Portland  Cement  Association  Fellowship  at  the  Bureau  of 
Standards. 


In  addition  to  the  five  com¬ 
ponents  listed  above,  com¬ 
mercial  Portland  cements 
contain  small  amounts  of 
other  materials  in  variable 
quantity.  These  may  include 
soda,  potash,  titania,  manga¬ 
nese  oxides,  phosphates,  and 
perhaps  still  other  materials. 
The  total  amount  of  these 
lesser  components,  however,  probably  does  not  often  exceed 
2  per  cent. 

The  planner  of  combination  of  these  lesser  components  is 
not  known.  It  is  possible  that  some  of  them,  as  perhaps  the 
alkalies,  may  have  a  significant  influence  on  the  relative 
amounts  of  the  major  compounds  that  are  formed,  but  since 
the  manner  of  their  combination  is  not  yet  known,  the  effects 
of  their  presence  cannot  now  be  evaluated.  Consequently, 
it  is  not  possible  at  present  to  consider  those  components  in 
the  calculation  of  cement  constitution. 

It  is  assumed  that  the  compounds  of  Portland  cement  are 
essentially  the  same  as  those  of  the  pure  five-component 
system  given  above  when  the  components  are  present  in  the 
proportions  found  in  commercial  cements.  The  general 
correctness  of  this  assumption  has  been  confirmed  by  informa¬ 
tion  obtained  from  cooling  curves  (4),  from  microscopic  exami¬ 
nations  {!)  and  from  x-ray  diffraction  photographs  (1). 


The  bases  for  a  calculation  of  the  compounds  present 
in  Portland  cement  from  chemical  analyses  are  pre¬ 
sented.  Arithmetical  and  diagrammatical  methods  are 
given  for  such  a  calculation.  The  compounds  con¬ 
sidered  are  4Ca0.Al203.Fe203,  3Ca0.Al203,  2Ca0.Si02, 
3Ca0.Si02,  uncombined  MgO,  uncombined  CaO,  and 
CaS04.  Other  components  than  those  included  in 
these  compounds  are  not  at  present  considered  as  their 
forms  of  combination  are  not  known. 
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Manner  of  Reaction 

The  manner  in  which  the  components  react  determines  the 
relative  amounts  of  the  resulting  compounds.  Information 
obtained  at  this  laboratory  leads  to  the  following  generaliza¬ 
tions: 

(1)  The  ferric  oxide  reacts  with  alumina  and  lime  to  form 
4CaO.Al203.Fe203.  (See  note.) 

(2)  The  magnesia  remains  essentially  in  the  form  of  uncom¬ 
bined  MgO. 

(3)  The  alumina  remaining  from  combination  as  4CaO.- 
Al203.Fe203  reacts  with  lime  to  form  3CaO.Al203. 

(4)  The  lime  remaining  from  the  above  combinations  reacts 
with  the  silica.  The  compound  2Ca0.Si02  is  formed,  and  any 
CaO  then  uncombined  reacts  with  the  2CaO.Si02  to  form 
3Ca0.Si02.  If  CaO  remains  after  converting  all  of  the  2Ca0.Si02 
to  3Ca0.Si02,  it  will  be  present  as  uncombined  CaO. 

The  formation  of  the  compounds  as  described  assumes  that 
a  condition  of  equilibrium  has  been  reached  during  the  prog¬ 
ress  of  the  reactions  in  the  kiln.  A  small  amount  of  uncom¬ 
bined  CaO  may  remain  in  the  clinker,  however,  indicating  (if 
the  composition  is  such  that  the  CaO  would  be  completely 
combined  at  equilibrium)  that  the  reactions  are  not  altogether 
complete.  This  departure  from  complete  combination  is  not 
usually  of  sufficient  magnitude  to  produce  a  change  in  the 
nature  of  the  compounds  formed,  but  it  does  produce  a  change 
in  the  relative  amounts  of  the  compounds  produced.  For  that 
reason  it  is  important  that  free  CaO  in  the  cement  be  de¬ 
termined  ( 9 )  and  that  the  amount  present  be  taken  into  con¬ 
sideration  in  the  calculation  of  the  constitution.  If  this  is 
not  done,  an  error  of  usually  small  but  uncertain  magnitude 
may  be  introduced. 

The  “insoluble  residue”  obtained  in  a  cement  analysis  is 
composed  of  quartz,  titania,  and  several  other  materials. 
The  amount  of  the  residue  is  usually  very  small,  about  0.2 
per  cent.  Because  of  the  low  quantity  of  this  material  and 
the  variable  and  uncertain  nature  of  its  composition,  it  seems 
inexpedient  to  attempt  to  introduce  a  correction  factor  for  it. 
In  unusual  cases  where  the  amount  of  the  residue  is  high,  it 
may  be  desirable  to  analyze  it  to  ascertain  if  an  appreciable 
quantity  of  silica  has  remained  as  free  quartz.  If  the  residue 
is  found  to  contain  an  appreciable  amount  of  silica,  then  the 
silica  content  of  the  residue  should  be  deducted  from  the 
total  SiO>  to  obtain  the  value  of  the  Si02  taking  part  in  the 
reactions. 

The  “ignition  loss”  consists  essentially  of  moisture  and  car¬ 
bon  dioxide  that  have  been  taken  up  by  the  cement  following 
the  burning  operation.  In  calculating  the  constitution,  this 
value  is  accordingly  set  down  without  further  change. 

By  means  of  the  information  given  above,  the  relative 
amounts  of  the  compounds  present  in  Portland  cement  or 
clinker  may  be  calculated  from  the  chemical  analyses.  It  is 
essential  in  any  case  to  consider  the  S03  content  and  calculate 
that  to  CaS04. 


Accuracy  of  Computations 

The  accuracy  of  the  computations  depends  on  the  correct¬ 
ness  of  both  the  postulations  and  the  analytical  values.  The 
postulations  as  given  represent  the  best  available  information, 
but  are  subject  to  revision  and  extension  as  has  been  pointed 
out.  The  general  correctness  of  the  analytical  values  will 
vary  with  the  conditions  of  test  and  the  personal  factor.  In 
any  case  it  is  not  recommended  that  analyses  be  considered 
as  accurate  beyond  the  first  decimal  place. 

An  examination  of  the  factors  given  below  will  show  that 
errors  of  analysis  often  are  magnified  in  the  computations  for 
compound  composition.  Thus  a  plus  error  (other  values  re¬ 
maining  fixed)  of  0.2  per  cent  CaO  or  uncombined  CaO  (ex¬ 
pressed  as  percentage  of  the  cement)  will  increase  the  com¬ 
puted  3Ca0.Si02  about  0.8  per  cent  and  decrease  the  com¬ 


puted  2Ca0.Si02  about  0.6  per  cent.  A  plus  error  of  0.2  per 
cent  Fe203  will  increase  the  computed  4Ca0.Al203.Fe203 
about  0.6  per  cent,  decrease  the  3Ca0.Al203  about  0.3  per 
cent,  decrease  the  3Ca0.Si02  about  0.3  per  cent,  and  increase 
the  2Ca0.Si02  about  0.2  per  cent.  A  plus  error  of  0.2  per 
cent  A1203  will  increase  the  computed  3Ca0.Al203  about  0.5 
per  cent,  decrease  the  3Ca0.Si02  about  1.3  per  cent,  and  in¬ 
crease  the  2Ca0.Si02  about  1.0  per  cent.  A  plus  error  of  0.2 
per  cent  Si02  will  decrease  the  computed  3Ca0.Si02  about  1.5 
per  cent  and  increase  the  2Ca0.Si02,  1.3  per  cent.  For  these 
reasons  only  analytical  data  that  are  believed  to  be  reliable 
should  be  employed  for  the  computation  of  compound  com¬ 
position,  and  an  expression  of  the  compounds  4Ca0.Al203- 
Fe203,  3Ca0.Al203,  3Ca0.Si02,  and  2Ga0.Si02  should  not  be 
given  to  a  closer  approximation  than  the  nearest  whole  num¬ 
ber. 


Method  of  Calculation 


Each  per  cent  of  S03  enters  into  combination  with  0.70 
per  cent  CaO  to  form  1.70  per  cent  CaS04: 

CaO  56.07  „ 

Sa  =  807065  =  °' /0  per  Cent  Ca0 . (ci) 

Each  per  cent  of  Fe203  enters  into  combination  with  0.64 
per  cent  A1203: 

A12Q3  _  101.92  _  .  .  ...  ,  . 

Fe203  159.68  ° ' 64  Per  Cent  A  2°3 . ^ ) 

and  with  1.40  per  cent  CaO: 

4 CaO  224.28  , 

KO,  _  159X8  *  1-40per“nt  c*° . <«> 


to  form  3.04  per  cent  4Ca0.Al203.Fe203. 

The  total  MgO  is  recorded  as  uncombined  MgO. 

The  total  A1203  minus  (a4)  gives  the  A1203  (a2)  available  for 
combination  as  3Ca0.Al203.  Each  per  cent  of  (o2)  will  enter 
into  combination  with  1.65  per  cent  CaO  to  form  2.65  per 
cent  3Ca0.Al203: 


3 CaO  _  168.21 
A1203  101 . 92 


1 . 65  per  cent  CaO 


fed 


The  amount  of  CaO  available  for  combination  with  Si02 
is  obtained  by  subtracting  from  the  total  CaO  the  sum  of  the 
uncombined  CaO,  the  CaO  (cO  combined  as  CaS04,  the  CaO 
(c2)  combined  as  4Ca0.Al203.Fe203,  and  the  CaO  (c3)  com¬ 
bined  as  3Ca0.Al203: 


Total  CaO  —  (uncombined  CaO  +  c4  +  c2  +  c3)  = 

CaO  available  to  combine  with  Si02 . (c) 


The  total  Si02  (s),  unless  corrected  for  silica  in  the  “insolu¬ 
ble  residue,”  is  calculated  first  to  combine  with  CaO  to 
form  2Ca0.Si02.  Each  per  cent  of  Si02  (s)  will  combine  with 
CaO  to  form  2.87  per  cent  2Ca0.Si02: 


2CaO.SiQ2  =  172.20 
Si02  60 . 06 


2.87  per  cent  2Ca0.Si02 


This  first  approximation  to  the  value  of  2Ca0.Si02  is  sub¬ 
tracted  from  the  Si02  (s)  +  CaO  (c),  which  gives  the  CaO 
(c4)  available  to  combine  with  2Ca0.Si02  to  form  3Ca0.Si02. 

Each  per  cent  of  CaO  (c4)  combines  with  2Ca0.Si02  to  form 
4.07  per  cent  3Ca0.Si02: 


3CaO.Si02  _  228.27 
CaO  56.07 


4.07  per  cent  3Ca0.Si02 


The  3Ca0.Si02  subtracted  from  the  total  Si02  (s)  +  CaO 
(c)  gives  the  true  amount  of  2Ca0.Si02  present. 

If  the  computed  3Ca0.Si02  is  greater  than  s  +  c,  no  2CaO.- 
Si02  is  present.  In  that  case  each  per  cent  of  Si02  (s)  com¬ 
bines  with  CaO  to  form  3.80  per  cent  3Ca0.Si02: 


3CaO.SiQ2  =  228.27 
Si02  60.06 


3.80  per  cent  3Ca0.Si02 


This  amount  of  3Ca0.Si02  subtracted  from  Si02  (s)  +  CaO 
(c)  gives  the  percentage  of  uncombined  CaO.  The  above 
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condition  can  obtain  only  when  the  lime  is  in  excess  of  that 
which  can  go  into  combination  at  equilibrium,  and  the  un¬ 
combined  CaO  has  not  been  determined  and  deducted  as  pre¬ 
viously  described. 


Application  of  the  Method 

A  diagrammatic  method  for  obtaining  these  relations  has 
been  found  useful  in  computing  the  amounts  of  the  compounds 
from  chemical  analyses.  Such  a  method  has  not  the  precision 
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of  the  mathematical  factors,  but  the  values  read  are  probably 
within  the  accuracy  of  the  analytical  procedures  and  the 
method  has  the  advantage  of  speed  and  simplicity. 

In  Figures  1  and  2  the  relations  expressed  in  the  factors 
given  above  are  plotted  in  a  convenient  form.  As  an  illustra¬ 
tion  of  the  use  of  the  diagrams  and  the  factors,  an  analysis  of 
a  commercial  cement  and  the  computation  of  compounds  are 
presented.  A  chart  (Table  I)  will  be  found  an  aid  in  the 
proper  recording  of  the  significant  figures.  The  analytical 
data  affe  given  on  the  chart,  together  with  the  values  as  read 
from  the  diagrams.  A  few  abbreviations  appear  on  the  chart: 


C4AF  for  4Ca0.Al203.Fe203,  C3A  for  3Ca0.Al203,  C3S  for 
3Ca0.Si02,  and  C2S  for  2Ca0.Si02. 

The  values  for  ignition  loss,  1.1,  and  magnesia,  3.7,  are 
transferred  to  the  lower  horizontal  row,  wherein  are  placed 
the  compounds  of  the  cement. 

The  value  for  free  CaO,  0.3,  is  transferred  to  the  “free  CaO” 
column  opposite  CaO,  and  brought  down  to  the  lower  row 
compounds. 

The  value  for  S03,  2.0,  is  transferred  to  the  “S03  eq.” 
column,  and  the  CaO  equivalent  read  from  the  lower  diagram 
in  Figure  1. 
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In  this  case  only,  both  readings  are  taken  from  the  horizontal 
axis.  It  is  desired  to  find  the  CaO  equivalent  of  2.0  S03  in  the 
formation  of  CaSC>4.  The  point  2.0  on  the  horizontal  axis  of  the 
lower  diagram  in  Figure  1  is  followed  upward  on  the  vertical 
coordinate  until  it  intercepts  the  radial  line  for  S03.  The  di¬ 
agonal  coordinate  is  then  followed  until  the  radial  line  for  CaO 
is  intercepted.  The  vertical  coordinate  is  again  followed  down 
from  that  point  to  the  horizontal  axis,  and  the  value  1.4  obtained. 

The  value  read,  1.4,  is  placed  at  o  and  the  sum  of  the  two, 
3.4,  is  placed  at  the  bottom  of  the  column  under  “CaSO-i.” 

The  value  for  Fe203,  3.4,  is  transferred  to  the  “Fe203  eq.” 
column  and  the  A1203  and  CaO  equivalent  to  the  Fe203  read 
from  the  lower  diagram  in  Figure  1. 

It  is  desired  in  this  case  to  find  the  A1203  and  CaO  equivalents 
of  3.4  Fe203  in  the  formation  of  4Ca0.Al203.Fe203.  The  point 
3.4  on  the  vertical  axis  of  the  lower  diagram  in  Figure  1  is  followed 
on  the  diagonal  coordinate  until  it  intercepts  the  radial  line  for 
A1203.  The  vertical  coordinate  is  then  followed  down  from  that 
point  and  the  value  2.2  A1203  read  off  on  the  horizontal  axis. 
The  point  3.4  on  the  vertical  axis  is  again  followed  on  the  di¬ 
agonal  coordinate  until  it  intercepts  the  radial  line  for  CaO. 
Again  the  vertical  coordinate  is  followed  downward  and  the  value 
4.8  CaO  read  off  on  the  horizontal  axis. 

The  values  as  read  are  placed  in  the  column  at  their  proper 
places:  the  A1203,  2.2,  at  cq;  and  the  CaO,  4.8,  at  c2.  The 
three  figures  in  the  column  are  now  added  to  give  the  4CaO.- 
Al203.Fe203.  This  value  to  the  nearest  whole  number  is 
placed  at  the  base  of  the  column.  The  amount  also  may  be 
read  directly  from  the  diagram  if  desired. 


Table  I — Chart  llsed  for  Recording  Significant  Data  in  Computation 

of  Compounds 


Components 

Analy¬ 

sis 

Free 

CaO 

sos 

Eq. 

Fe203 

Eq. 

AI2O3 

Eq. 

C  AND  5 

C2S 

CaO 

62.8 

0.3 

a  1.4 

ci  4.8 

£38.8 

c  52.5 

MgO 

3.7 

AI2O3 

4.5 

ai  2 . 2 

a2  2 . 3 

Fe»03 

3.4 

3.4 

Si02 

22.3 

1  22.3 

SOs 

2.0 

2.0 

Loss 

1.1 

Insoluble 

0.1 

Free  CaO 

0.3 

Ignition 

loss 

Free 

MgO 

Free 

CaO 

CaSOj 

CjAF 

C3A  . 

C3S 

C2S 

1.1 

3.7 

0.3 

3.4 

10 

6 

44 

31 

The  value  eq,  2.2,  is  subtracted  from  A1203,  4.5,  to  give  a2, 
2.3,  the  A1203  available  to  combine  as  3Ca0.Al203,  which  is 
placed  in  the  “A1203  eq.”  column  at  a2.  The  CaO  equivalent 
of  this,  3.8,  is  read  from  the  upper  diagram  of  Figure  1  and 
placed  at  c3.  The  two  values  are  added  to  give  the  3CaO.- 
A1203  and  that,  figure  to  the  nearest  whole  number  brought 
to  the  foot  of  the  column.  This  value  also  may  be  read  di¬ 
rectly  if  desired. 

The  CaO,  c,  available  for  combination  with  the  silica  is 
now  found  by  subtracting  from  the  total  CaO  the  free  CaO, 
Ci,  c2,  and  c3:  62.8  —  (0.3  -|-  1.4  -)-  4.8  4-  3.8)  =  52.5  which 

is  set  down  at  c.  The  total  Si02,  22.3  (unless  corrected  for 
the  quartz  in  the  insoluble  residue)  is  set  down  at  s. 

The  computed  tricalcium  silicate  and  dicalcium  silicate 
are  now  read  directly  from  the  diagram  (2)  in  Figure  2. 
The  point  is  found  which  is  the  intersection  of  the  vertical 
coordinate  representing  Si02  (s)  and  the  horizontal  coordinate 
representing  the  CaO  (c)  available  for  combination  with  the 
silica.  The  3Ca0.Si02  corresponding  to  this  point,  44  per 
cent,  is  read  to  the  nearest  whole  number  on  the  diagonal 
coordinate  that  is  parallel  to  the  lower  right  base  line,  as 
indicated.  The  2Ca0.Si02,  31  per  cent,  is  read  on  the  diag¬ 
onal  coordinate  that  is  parallel  to  the  upper  left  base  line,  as 
indicated.  These  values  are  set  down  in  the  lower  row  of 
compounds  under  C3S  and  C2S,  respectively. 

In  the  event  that  the  point  represented  by  the  intersection 
of  the  coordinates  for  CaO  and  Si02  lies  to  the  left  of  the 
diagram,  there  is  present  an  excess  of  lime  above  that  required 


to  convert  all  of  the  2Ca0.Si02  to  3Ca0.Si02.  In  that  case 
there  is  some  uncombined  CaO  present  and  no  dicalcium  sili¬ 
cate.  The  tricalcium  silicate  content  is  found  by  reading  that 
value  at  the  point  where  the  Si02  coordinate  intersects  the 
upper  left  boundary  of  the  figure.  The  lime  required  for  that 
compound  is  then  read  off  on  the  CaO  (horizontal)  coordinate 
and  the  remaining  lime  is  uncombined.  For  example,  con¬ 
sider  that  c  =  59.0  and  s  =  20.5.  The  Si02  coordinate  cuts  the 
upper  boundary  at  a  point  represented  by  about  78  per  cent 
3Ca0.Si02.  The  CaO  required  is  read  to  be  57.5  per  cent. 
The  free  CaO  is  then  1.5  per  cent.  Such  a  value  should  be  re¬ 
corded  in  the  “free  CaO”  column  opposite  Si02  and  brought 
to  the  lower  row  of  compounds. 

The  upper  right  boundary  curve  as  drawn  represents  the 
compositions  at  which  the  sum  of  the  two  calcium  silicates  is 
80  per  cent.  The  remaining  material  includes  all  other  com¬ 
pounds — as  3Ca0.Al203,  4Ca0.Al203.Fe203,  MgO,  alkalies, 
free  CaO  if  present,  CaS04,  and  any  other  constituents.  The 
lower  left  boundary  curve  as  drawn  represents  the  composi¬ 
tions  at  which  the  sum  of  the  two  silicates  is  65  per  cent,  the 
remaining  35  per  cent  being  the  other  compounds  as  above. 
It  is  probable  that  most  commercial  cements  fall  within  these 
limits,  but  the  diagram  may  be  extended  up  to  the  line  repre¬ 
senting  100  per  cent  2Ca0.Si02  plus  3Ca0.Si02,  and  down 
as  far  as  desired.  The  upper  left  boundary  is  the  line  for 
zero  2Ca0.Si02  and  the  lower  right  boundary  is  cut  at  20  per 
cent  3Ca0.Si02  since  Portland  cements  will  scarcely  be  found 
with  less  than  that  amount  of  the  tribasic  silicate.  If  de¬ 
sired,  however,  the  diagram  may  be  extended  to  the  lower 
right  to  zero  3Ca0.Si02. 

The  data  necessary  to  construct  the  diagrams  in  Figure  1 
are  obtainable  from  the  factors  previously  given.  The  fol¬ 
lowing  locations  of  the  external  angles  of  the  diagram  in  Fig¬ 
ure  2  will  define  the  position  of  that  figure. 

Left  Top  Right  Bottom 

CaO  48.64  58.95  53.81  44.70 

Si02  17.36  21.05  26.19  21.30 

The  diagrams  must  be  prepared  with  the  highest  precision  and 
should  be  drawn  to  such  a  scale  that  estimates  may  properly 
be  made  to  1  per  cent. 

There  now  appear  on  the  bottom  row  of  the  chart  the  values 
for  all  of  the  compounds  which  we  are  able  at  present  to  cal¬ 
culate  from  the  chemical  analysis  of  a  cement. 

The  use  of  factors  in  the  calculation  gives  values  differing 
but  slightly  from  those  obtained  by  the  use  of  the  diagrams. 
This  is  brought  out  in  Table  II,  in  which  are  shown  the  values 
obtained  by  factors  and  by  the  diagrams  from  the  composition 
represented  by  the  analysis  given.  In  this  case,  in  order  to 
demonstrate  the  difference,  the  values  are  expressed  to  the 
first  decimal  place. 


Table  II — Comparison  of  Computations  by  Factors  and  by  Diagram 


Components 

Analysis 

Compounds 

By  By 

Factors  Diagram 

CaO 

Per  cent 

62.8 

3Ca0.Si02 

Per  cent 

44.4 

Per  cent 

44.4 

MgO 

3.7 

2Ca0.Si02 

30.5 

30.6 

AI2O3 

4.5 

3Ca0.Al203 

6.1 

6.1 

Fe203 

3.4 

ICaO.AhOs.FeiOs 

10.3 

10.4 

Si02 

22.3 

Free  MgO 

3.7 

3.7 

so3 

2.0 

Free  CaO 

0.3 

0.3 

Ignition  loss 

1.1 

CaSOj 

3.4 

3.4 

Insoluble® 

0.1 

Ignition  loss 

1.1 

1.1 

Free  CaO® 

0.3 

Total 

99.8 

99.8 

100.0 

®  Not  included  in  total. 
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Determination  of  the  Sulfur  Content  of  Gases  from 

Boiler  Furnaces  ’ 

Edmund  Taylor  and  H.  F.  Johnstone 


Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa.,  and  University  of  Illinois  Engineering  Experiment  Station, 

Urbana,  III. 


The  form  and  the  quantity  in  which  sulfur  exists  in  the 
products  of  combustion  are  important  in  connection 
with  their  action  on  the  refractories  of  the  furnace,  the 
metal  of  preheaters,  economizers,  and  steel  stacks,  and 
with  the  acids  and  gases  emitted  from  the  stack.  The 
equilibrium  equation  shows  that  at  furnace  temperatures 
the  sulfur  will  be  present  as  S02  and  that  S03  will  be 
formed  as  the  gases  cool. 

Apparatus  and  methods  are  described  for  sampling 
the  gases  after  they  have  passed  the  boiler  tubes  and  from 
the  furnace;  these  are  designed  to  reduce  the  possibility 
of  catalytic  action  between  the  points  of  sampling  and 
analyses.  At  the  lower  temperatures  an  iron  pipe  with 
glass  lining  is  used,  and  at  furnace  temperatures  a  copper 
glass-lined  water-cooled  sampler.  A  suction  pump  draws 
the  gases  at  a  constant  rate  of  0.1  cubic  foot  per  minute 
through  the  apparatus  which  absorbs  the  sulfur  gases, 
after  which  they  pass  through  a  flowmeter.  The  ab¬ 
sorption  apparatus  for  the  Sd3  and  SO-  determination 


THE  importance  of  the  effect  of  the  small  concentrations 
of  sulfur  dioxide  and  sulfur  trioxide  in  boiler-furnace 
gases  on  the  life  of  the  refractories,  on  the  external  cor¬ 
rosion  of  economizers  and  preheaters,  and  on  the  pollution  of 
the  outside  air  has  made  it  desirable  to  have  a  small  portable 
apparatus  that  can  be  used  for  the  rapid  determination  of 
these  gases  in  the  range  of  concentration  in  which  they  exist 
in  a  boiler  furnace.  The  apparatus  here  described  is  the 
result  of  work  carried  out  by  the  Pittsburgh  Experiment 
Station  of  the  United  States  Bureau  of  Mines  in  an  investiga¬ 
tion  of  the  service  conditions  of  refractories,  conducted  jointly 
with  the  Special  Research  Committee  on  Boiler-Furnace 
Refractories  of  the  American  Society  of  Mechanical  Engineers. 
The  apparatus  was  checked  for  accuracy  and  made  up  into  a 
test  kit  at  the  Engineering  Experiment  Station  of  the  Uni¬ 
versity  of  Illinois  for  use  in  an  investigation  of  the  prevention 
of  corrosion  by  flue  gases,  being  conducted  in  cooperation 
with  the  Utilities  Research  Commission. 

The  methods  for  the  determination  of  SO-  and  S03  that 
have  been  described  in  the  literature  have  not  proved  suitable 
for  analysis  of  boiler-furnace  gases.  Their  deficiencies  have 
existed  in  one  or  more  of  the  following  features:  (1)  Iodo- 
metric  or  other  reductimetric  methods  are  excluded  because 
of  the  existence  of  reducing  agents  in  the  gases  besides  SO-; 
(2)  the  condensation  of  H2S04  even  at  temperatures  as  high 

1  Received  April  19,  1929.  Presented  as  a  part  of  the  Symposium  on 
Boiler  Room  Chemistry  before  the  joint  meeting  of  the  Divisions  of  Indus¬ 
trial  and  Engineering  Chemistry,  Gas  and  Fuel  Chemistry,  and  Water 
Sewage,  and  Sanitation  Chemistry  at  the  77th  Meeting  of  the  American 
Chemical  Society,  Columbus,  Ohio,  April  29  to  May  3,  1929. 

2  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines,  and 
the  Director  of  the  Engineering  Experiment  Station,  University  of  Illinois. 
(Not  subject  to  copyright.) 


consists  of  one  bottle  with  a  fine-grained  dry  alundum 
thimble  which  retains  the  droplets  of  H-SO4  and  a  second 
bottle  with  a  coarser  alundum  thimble  immersed  in  a 
NaOH  solution  containing  some  H-O-  which  absorbs  the 
SO-.  Water  is  run  through  the  glass  tubing  into  the  first 
thimble  and  bottle  and  the  S03  determined  by  titrating 
with  NaOH. 

The  second  bottle  is  titrated  with  standard  acid  to  de¬ 
termine  the  SO-. 

Results  of  tests  to  determine  the  accuracy  of  this  method 
are  given.  When  only  the  total  sulfur  is  required,  the 
first  bottle  is  omitted;  if  the  gases  contain  soot  and  tar 
which  would  clog  the  alundum  thimble,  the  impinger 
principle  is  utilized,  there  being  two  impinger  bottles  in 
series.  The  composition  of  the  gases  by  Orsat  is  also 
determined  and  from  these  data  and  the  coal  analysis 
the  ratio  of  the  sulfur  in  the  gases  to  that  in  the  coal  can 
be  computed. 


as  200°  C.  prevents  the  collection  of  the  gas  for  subsequent 
analysis;  and  (3)  the  rapid  oxidation  of  SO-  by  the  oxygen 
present  in  the  gas  prevents  scrubbing  the  gas  by  water  or  any 
solution  before  the  separation  of  SO-  and  S03  has  been  made. 
A  simple  portable  apparatus  that  can  be  assembled  in  the 
average  power-plant  laboratory  is  essential. 

Hawley  (2)  has  shown  that,  although  S03  combines  with 
water  vapor  to  form  a  fog  which  will  pass  through  water  or 
a  solution  of  alkali  without  being  completely  absorbed,  it  may 
be  separated  from  the  gases  by  a  filter.  Nestell  and  Anderson 
(S)  used  Hawley’s  method  for  the  separation  of  S03  and  SO- 
by  employing  a  paper  filter.  The  SO-  was  then  absorbed 
and  oxidized  by  an  excess  of  a  standard  solution  of  Na2C03 
containing  H-02.  The  S03  collected  was  determined  by 
titration  with  standard  alkali  and  the  S02  wras  determined 
from  the  excess  Na2C03  by  titration  with  standard  acid.  The 
application  of  these  principles  has  led  to  the  development  of 
a  simple  and  rugged  portable  apparatus  suitable  for  power- 
plant  work. 

Reactions  of  Sulfur  in  Combustion  of  Coal 

Sulfur  occurs  in  coal  in  amounts  ranging  from  0.5  to  7 
per  cent.  When  coal  is  burned  on  a  grate  or  in  powdered 
form,  a  certain  percentage  of  sulfur,  usually  low,  remains  in 
the  ash  and  the  remainder  unites  with  the  oxygen  and  passes 
out  of  the  furnace  with  the  gases.  Sulfur  dioxide  may  be 
assumed  to  be  the  primary  product  of  the  combustion,  and 
the  presence  of  S03  is  due  to  oxidation  of  S02  at  temperatures 
lower  than  those  of  combustion. 

The  reaction  of  SO-  with  oxygen  is  very  slow  except  in  the 
presence  of  catalysts.  In  boiler  furnaces  the  ash  particles 
carried  by  the  gases,  as  well  as  surfaces  with  which  the  gases 
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come  in  contact,  should  act  as  catalysts.  The  ratio  of  the 
partial  pressures  of  SO3  and  SO?  is  expressed  by 
Psos 
Psot 

when  K  is  a  constant  that  depends  on  the  temperature. 
Bodenstein  and  Pohl  ( 1 )  have  shown  that  K  has  a  value 
of  31.3  at  982°  F.  and  0.013  at  2732°  F.  If  the  oxygen  con¬ 
tent  of  the  combustion  gases  is  5  per  cent  by  volume,  the 
maximum  SChiSO?  ratios  in  the  presence  of  an  efficient  catalyst 
would  be  7  at  982°  F.  and  0.003  at  2732°  F. 


When  the  gases  are  sampled  in  the  furnace  it  is  sufficient, 
therefore,  to  determine  the  total  sulfur  and  compute  it  as 
equivalent  S02;  beyond  the  boiler  tubes,  where  a  knowledge 
of  the  SO3  and  S02  is  necessary,  the  gases  should  be  cooled 
quickly  and  possibility  of  catalytic  action  avoided. 

Description  of  Apparatus  and  Method 

The  apparatus  required  is  (1)  a  sampling  tube,  (2)  an  ab¬ 
sorption  system,  (3)  a  gas  meter,  (4)  a  source  of  reduced  pres¬ 
sure,  (5)  an  Orsat  apparatus,  and  (6)  connecting  glass  tubing. 

Sampling  Tube— Figure  1  shows  the  sampling  tube  used 


Figure  2 — Water-Cooled  Sampler  with  Glass  Liner  for  Sampling  SO:  from  Furnace  Gases 


inch  (5.3  kg.  per  sq.  cm.)  is  necessary  to  insure  sufficient 
flow  when  the  tube  extends  6  feet  into  the  gases  and  where  the 
temperature  exceeds  2600°  F.  (1427°  C.).  A  glass  tube  ex¬ 
tends  through  the  center  of  the  sampler  to  the  end  so  that  the 
gases  do  not  come  in  contact  with  the  metal.  An  average 
value  of  the  gas  stream  can  be  obtained  by  inserting  the  sam¬ 
pler  to  definite  positions,  or  the  gas-absorption  apparatus  may 
be  mounted  on  a  movable  support  so  that  it  can  be  moved 
across  the  stream  of  gas  during  the  period  of  sampling.  The 
sampler  should  be  slightly  inclined  so  that  any  condensation 
will  flow  toward  the  absorption  bottles. 

Absorption  Apparatus  for  S02  and  S03 — Figure  3  shows 
diagrammatically  the  apparatus  for  the  determination  of  S02 
and  S03  and  its  relation  to  the  other  apparatus.  Figure  4 
is  a  photograph  of  the  apparatus  assembled  in  a  portable 
cabinet;  an  Orsat  apparatus  is  mounted  on  the  back  of  the 
cabinet.  A  and  B  are  500-cc.  wide-neck  bottles.  The  alun- 
dum  thimbles  are  carried  by  inverted  Gooch  funnels;  that 
of  bottle  A  is  cemented  to  the  funnel  by  a  high-melting 
de  Khotinsky  cement ;  the  thimble  and  funnel  of  bottle  B  are 
held  together  by  a  short  length  of  rubber  tubing. 

The  gases  from  the  sampler  which  have  been  cooled  below 
the  dew  point  of  H2S04  pass  through  the  dry,  fine-grain  alun- 
dum  thimble,  which  retains  the  droplets  of  acid.  The  second 
bottle,  B,  contains  a  standard  NaOH  solution  and  some 
H202;  50  cc.  of  0.2  normal  base  with  10  cc.  of  3  per  cent  H202 
are  usually  sufficient.  The  coarse  alundum  thimble  serves 
as  an  efficient  bubbler  and  the  S02  is  absorbed.  After  the 
sample  has  been  collected  about  y4  cubic  foot  (7  liters)  of  air 
is  drawn  through  to  remove  any  S02  from  the  first  bottle. 

The  volume  of  S03  in  the  sample  is  found  by  washing  out 
the  glass  sampling  tube  and  the  first  alundum  thimble  and 
titrating  the  resultant  solution  with  standard  alkali.  The 
washing  is  accomplished  by  passing  water  through  the  alun¬ 
dum  tube  while  the  suction  pump  is  running.  A  3-way  cock 
in  the  glass  tubing  just  beyond  the  sam¬ 
pler  permits  this  to  be  done  without  dis¬ 
mantling  the  set-up.  The  volume  of  S02 
collected  in  bottle  B  is  found  by  titrating 
the  excess  NaOH  with  standard  acid, 
using  methyl  orange  or  the  new  methyl 
red-methylene  blue  indicator. 

A  rate  of  flow  of  0.1  cubic  foot  (2.8 
liters)  per  minute  has  been  found  satis¬ 
factory;  the  rate  is  measured  by  the 
capillary  orifice  meter,  and  is  kept  con- 


Gas  to  collecting  bottle 
for  orsat  analysis 


Sampling  tube 


to  collect  the  gases  in  the  economizer  and  pre¬ 
heater  where  the  temperature  of  the  gases  does 
not  exceed  900°  F.  (482°  C.).  A  y2-inch  (1.3- 
cm.)  iron  pipe  long  enough  to  reach  half-way 
across  the  setting  at  the  point  of  sampling  is  closed 
at  one  end  by  a  plug  or  cap  and  has  holes  fitted 
with  Vs-inch  (3-mm.)  pipe  plugs  at  12-inch  in¬ 
tervals  along  its  length.  A  sample  may  be  drawn 
from  any  one  point  by  removing  a  pipe  plug,  and 
the  average  composition  of  the  stream  is  com¬ 
puted  from  the  average  of  the  several  samples.  A 
12-mm.  Pyrex  tube  inserted  through  a  cap  at  the 
outer  end  extends  several  inches  inside  the  set¬ 
ting.  Moistened  asbestos  paper  is  packed  around 
the  glass  to  prevent  air  from  passing  into  the  pipe. 

A  tuft  of  glass  wool  placed  before  the  end  of  the  glass  tube 
in  the  iron  pipe  filters  out  any  dust  carried  by  the  gas. 

Figure  2  shows  a  water-cooled  sampler  which  may  be  used 
where  the  temperature  is  as  high  as  3000°  F.  (1649°  C.). 
It  is  made  of  thin  copper  tubing  in  lengths  to  suit.  The  cool¬ 
ing  water  passes  to  the  end  of  the  sampler  and  then  back  to 
the  outlet.  A  water  pressure  of  at  least  75  pounds  per  square 
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Figure  3 — Apparatus  for  Determination  of  SOj  and  SO3  in  Flue  Gases 

stant  by  adjusting  the  relief  valve  ahead  of  the  suction  pump. 
The  volume  of  gases  drawn  is  computed  from  the  average 
rate  of  flow  and  the  time  of  sampling.  A  wet  meter  may 
be  added  as  a  check  or  for  greater  accuracy  if  desired,  but 
the  inherent  inaccuracies  in  sampling  the  gases  because  of 
stratification  and  variations  in  rates  of  flow  of  the  gas  stream 
make  the  orifice  flowmeter  accurate  enough. 
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A  continuous  sample  of  the  gases  is  collected  during  the 
period  of  each  sampling  and  is  analyzed  by  the  Orsat. 

Accuracy  of  Method — -The  accuracy  of  the  apparatus 
and  method  as  described  was  determined  by  the  analysis  of 
gas-air  mixtures  which  contained  known  amounts  of  S02 
and  SO3.  The  former  was  generated  from  NaHSCb  and 
H2SO4  and  was  stored  and  measured  in  a  mercury-sealed  gas 
buret.  A  measured  volume  of  S02  was  mixed  with  air  and 
passed  through  a  tube  which  contained  a  weighed  amount  of 
analyzed  H2S04  and  which  was  heated  electrically  to  about 
450°  F.  (232°  C.)  This  S02-S03-air  mixture  was  drawn 
through  the  apparatus.  The  titrations  were  then  carried 
out  just  as  in  the  ordinary  procedure.  Table  I  gives  the  re¬ 
sults  of  the  tests. 


Table  I — Analysis  of  Synthetic  Mixtures 


Volume 

Volume 

Weight 

Weight 

OP  SO2 

OF  SO2 

of  SO3 

OF  SO3 

Taken 

Found 

Recovery 

Taken 

Found 

Recovery 

Cc. 

Cc. 

Per  cent 

Gram 

Gram 

Per  cent 

86.3 

84.5 

98.0 

0.1092 

0 . 1072 

98.4 

88.0 

84.0 

95.4 

0. 1046 

0.1055 

100.8 

88.8 

89.1 

100.2 

0.1184 

0.1196 

101.0 

88.3 

89.9 

101.7 

0  1110 

0.1063 

96.0 

88.0 

86.9 

98.8 

0.1180 

0. 1092 

99.8 

Average 

98.9 

99.2 

Table  II — Theoretical 

Maximum 

Amounts 

of  SO2  in 

Flue  Gases 

Constituent 

Coal  A 

Coal  B 

Moisture 

2.90 

11.35 

Ultimate  analysis,  dry  coal: 

Carbon 

79.86 

57.36 

Hydrogen 

5.02 

5.41 

Oxygen 

4.27 

18 . 02 

Nitrogen 

1.86 

1 . 05 

Sulfur 

1 . 18 

4.76 

Ash 

7.81 

13.40 

Excess  air,  per  cent  20  60 

100.00 

100 

100.00 

20  60  100 

Dry  flue-gas  analysis,  per 
cent  by  volume: 

CO*  15.1  112 

9.0 

14.8  11.0  8.8 

SOt  0.08  0.06 

0  05 

0.45  0.34  0  27 

Weight  of  SO*  per  cubic 
foot  of  dry  gas,  at 
standard  conditions, 

grams  0.0681  0.0507 

0.0404 

0.3750  0.2795  0.2280 

1  *1 

i  r< 


Figure  4 — Assembly  of  Apparatus  for 
Determination  of  SO2  and  SO3 


Determination  of  Total  Sulfur  in  Gases  as  S02 — A 
simpler  apparatus  and  procedure  can  be  employed  if  it  is  not 
desired  to  determine  S02  and  S03  separately,  and  a  determina¬ 
tion  of  the  total  sulfur  is  sufficient.  One  method  is  to  use  the 
assembly  in  Figure  3  but  omit  bottle  A.  The  thimble  im¬ 
mersed  in  the  NaOH  solution  in  bottle  B  is  depended  upon 
to  break  up  the  gas  bubbles  so  that  the  fine  SO.3  mist  will  be 
absorbed.  The  procedure  is  similar  to  that  previously  de¬ 
scribed. 


Trouble  caused  by  clogging  of  the  thimble  has  been  ex¬ 
perienced  with  this  method  when  the  gases  contain  soot  and 
tar.  Figure  5  shows  an  alternative  method  which  utilizes  the 
impinger  principle  and  has  the  advantage  of  having  a  lower 
pressure  drop.  Two  impinger  bottles  are  used  in  series  so 
that  the  second  bottle  will  absorb  the  sulfur  gases  when  the 
first  becomes  sufficiently  saturated  to  pass  them.  The  ef¬ 
ficiency  of  absorption  by  this  method  has  been  checked  by 
putting  a  third  bottle  in  series  and  also  by  using  iodine  as  an 
indicator. 


Glass  tube  in  water  cooled  sampler 


Figure  5 — Arrangement  of  Apparatus  for  Determination  of  SO2 
Content  of  Furnace  Gases 


Comparison  of  Sulfur  in  Gas  with  That  in  Coal  Burner 

The  volume  of  sulfur  gases  per  unit  volume  of  flue  gas  will 
vary  with  the  excess  air.  Sherman  and  Rice  (4)  have  sug¬ 
gested  a  comparison  of  the  ratio  of  sulfur  to  carbon  in  the 
gas;  if  the  weight  of  sulfur  is  computed  in  grams  per  cubic 
foot  of  flue  gas  at  32°  F.  and  standard  pressure,  the  weight  of 
carbon  per  cubic  foot  is  given  by 

Wt.  C  =  15.2  (C02  +  CO) 

where  C02  and  CO  are  the  volumes  of  these  gases  per  cubic 

foot  of  the  sample  from  the  Orsat  analysis.  The  fraction  of 

the  total  sulfur  in  the  coal  which  appears  in  the  flue  gas  may 

then  be  computed  as  follows: 

„  .  .  _  .  Ratio  S :  C  in  gas 

Fraction  of  S  in  gas  =  „  . - ; 

Ratio  S :  C  in  coal 

Table  II  gives  the  theoretical  amounts  of  S02  when  burning 
two  coals  with  different  percentages  of  excess  air. 
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Spain  Looks  to  Promotion  of  Chemical  Industry 

The  Spanish  Government  is  giving  special  attention  to  the 
promotion  of  its  chemical  industry.  The  Minister  of  Public 
Works  recently  stated  that  400,000  kilowatts  of  electric  energy 
would  be  necessary  to  produce  Spain’s  annual  requirements  of 
80,000  tons  of  nitrates.  The  Council  of  Energy  is  in  charge  of 
this  project,  which  will  cover  a  period  of  years.  Eventually 
Spain  hopes  to  produce  nitrates  as  cheaply  as  Germany. 
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Occurrence  of  Silicates  in  Natural  Waters' 


O.  W.  Rees 


Illinois  State  Water  Survey,  Urbana,  III. 


THE  method  for  boiler  water  analysis  as  used  by  the 
Illinois  State  Water  Survey  provides  that  sodium  and 
potassium  be  determined  by  difference  and  reported 
in  terms  of  sodium.  That  is  to  say,  the  positive  ions  Ca,  Mg, 
and  NH4  are  determined,  calculated  into  milli-equivalents, 
and  summed  up.  Also  the  negative  ions  SO4,  N03,  Cl,  and 
CO3  are  determined,  converted  into  milli-equivalents,  and 
summed  up.  The  difference  between  the  sum  of  the  negative 
ions  and  that  of  the  positive  ions  gives  the  amount  of  sodium 
and  potassium  in  the  sample.  This  is  reported  as  sodium. 

In  some  waters  it  was  found  that  the  sum  of  the  positive 
ions,  without  sodium,  was  higher  than  the  sum  of  the  negative 
ions.  This  indicated  that  there  was  a  negative  ion  present 
which  was  not  being  included  in  the  calculation.  In  our 
boiler  water  analysis  silica  is  determined  colorimetrically  by 
the  use  of  ammonium  molybdate  reagent,  which  was  sug¬ 
gested  first  by  Winkler  (1 )  and  later  modified  by  Neave  (not 
published).  This  method  determines  only  soluble  silica,  so 
it  was  thought  that  probably  this  should  be  reported  as  the 
silicate  ion  and  included  with  the  negative  ions  instead  of 
reporting  it  as  SiCb  as  is  now  done.  This  method  of  calcula¬ 
tion  has  been  tried  in  cases  where  the  negative  ions  were  low 
and  has  been  found  to  give  good  results.  By  this  method  of 
calculation  sodium  has  been  shown  in  the  analysis,  whereas 
it  was  not  shown  by  the  old  method. 

In  general,  the  sum  of  the  hypothetical  combinations  is 
lower  than  the  total  residue  obtained  by  evaporation.  The 
calculation  of  silica  as  silicate  and  inclusion  in  the  hypothetical 
combinations  seems  to  help  this  difference. 

The  boiler  water  analyses  in  Table  I  illustrate  the  points. 


Table  I — Boiler  Water  Analyses 
(Figures  in  milli-equivalents) 


Sample  60,206 


Without  SiCb 

With  SiC>3 

Positive  ions: 

Ca  =  2 . 658 

Mg  =  1.895 

NH(  =  0.003 

Ca  =  2.658 

Mg  =  1.895 

NH(  =  0.003 

Total  = 

4.556 

Total  = 

Negative  ions: 

SCh  =  0.608 

NCh  =  0. 171 

C1  =  0. 113 

CO3  =  3 . 400 

SOj  =  0.608 

NC>3  =  0. 171 

0  =  0. 113 

CO3  =  3 . 400 

Si03  =  0.398 

Total  = 

4.292 

Total  = 

Negatives  —  positives 

-0.264 

Negatives  —  positives 

Sample  63,413 

Positive  ions: 

Ca  =  3 . 317 

Mg  =  4 . 086 

NH(  =  0.006 

Ca  =  3 . 317 

Mg  =  4 . 086 

NHi  =  0.006 

Total  = 

7.409 

Total  = 

Negative  ions: 

S04  =  0.792 

NOs  =  0.000 

Cl  =  0.226 

C03  =  6.000 

SC>4  =  0.792 

NOs  =  0.000 

0  =  0.226 

CO3  =  6 . 000 

SiC>3  =  0.431 

Total  = 

7.018 

Total  = 

Negatives  —  positives 

-0.391 

Negatives  —  positives 

4 . 556 


4.690 

0.134 


7.409 


7.449 

0.040 


The  effect  of  including  Si03  in  the  hypothetical  combina¬ 
tions  of  these  two  analyses  is  shown  in  Table  II. 

1  Presented  before  the  Division  of  Water,  Sewage,  and  Sanitation 
Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society,  Colum¬ 
bus,  Ohio,  April  29  to  May  3,  1929. 


Table  II — Hypothetical  Combinations  with  and  without  Si03 


Sample  60,206 


Sodium  nitrate,  NaNC>3 

Without  SiC>3 

P.  p.  m. 

With  SiCh 
P.  p.  m. 
11.4 

Ammonium  nitrate,  NH4NO3 

6.2 

0.2 

Magnesium  nitrate,  Mg(N03)2 
Magnesium  chloride,  MgCh 

12.8 

2.5 

5.5 

5.4 

Magnesium  sulfate,  MgSC>4 

37.7 

36.6 

Magnesium  carbonate,  MgC03 

39.0 

48.1 

Calcium  carbonate,  CaCC>3 

129.0 

113.1 

Calcium  silicate,  CaSiC>3 

23.2 

Silica,  SiC>2 

i2.0 

Iron  oxide,  Fe203 

0.0 

6.0 

Magnesium  oxide,  MnO 

0.0 

0.0 

Total  hypotheticals 

236.2 

240.5 

Residue  (by  evaporation) 

278.0 

278.0 

Sample 

Sodium  chloride,  NaCl 

63,413 

2.3 

Ammonium  chloride,  NH4CI 

6.3 

0.3 

Magnesium  chloride,  MgCh 

10.8 

8.6 

Magnesium  sulfate,  MgSCh 

48.9 

47.7 

Magnesium  carbonate,  MgCCb 

123.8 

131.3 

Calcium  carbonate,  CaCCb 

161.4 

144.4 

Calcium  silicate,  CaSiC>3 

25.0 

Silica,  SiC>2 

i3.0 

Iron  oxide,  Fe2C>3 

0.7 

6.7 

Manganese  oxide,  MnO 

0.0 

0.0 

Total  hypotheticals 

358.9 

360.3 

Residue  (by  evaporation) 

373.0 

373.0 

It  will  be  noted  that  the  difference  in  the  sums  of  the  hypo¬ 
thetical  combinations  is  small.  However,  the  sums  are  in¬ 
creased  slightly.  (In  calculating  boiler  analyses  where  the 
positive  ions,  without  sodium,  are  higher  than  the  negatives, 
the  percentage  error  is  determined  and  distributed  among  all 
the  ions.) 

As  further  proof  that  silicates  are  present  as  such  in  water 
and  should  be  included  with  the  negative  ions,  some  calcula¬ 
tions  were  made  on  complete  mineral  analyses.  For  sevefal 
years  it  has  been  noticed  that  in  complete  mineral  analyses  the 
negative  ions  are  usually  lower  than  the  positive  ions.  It  is 
the  practice  to  determine  the  percentage  error  and  distribute 
this  error  among  all  the  ions.  It  was  thought  that  the  in¬ 
clusion  of  silicate  as  a  negative  ion  might  lower  this  percentage 
error.  Table  III  bears  this  out.  In  all  cases,  however,  the 
inclusion  of  silica  as  the  silicate  ion  made  the  sum  of  the 
negative  ions  higher  than  the  sum  of  the  positive  ions.  This 
is  just  the  reverse  of  the  situation  when  silicate  is  not  included. 


Table  III — Error  between  Positive  and  Negative  Ions 


Sample 

Without  SiCb 

With  Si03 

Per  cent 

Per  cent 

63,154 

2.71 

0.18 

63,279 

3.86 

0.17 

63,280 

2.85 

0.90 

63,282 

1.62 

2.07 

63,293 

1.36 

0.91 

62,780 

1.09 

0.61 

63,008 

2.85 

2.81 

62,779 

0.82 

0.83 

Further  calculations  were  made  in  which  the  value  for 
sodium  was  arrived  at  by  difference  and  compared  with  the 
actual  value  as  determined  by  the  chloroplatinate  method. 
In  one  case  silicate  was  not  included  as  a  negative  ion  and  in 
the  other  case  it  was  included.  It  will  be  noted  in  Table  IV 
that  where  silicate  is  omitted  the  values  for  sodium  are  low, 
while  the  inclusion  of  silicate  gives  values  which  check  more 
closely  the  determined  values. 

Table  V  gives  a  comparison  between  the  residue  (by  evapo¬ 
ration)  of  these  mineral  analyses  and  the  hypothetical  com¬ 
binations  in  which  silica  is  included  in  one  case  as  silicate  ion 
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and  in  the  other  as  Si02.  This  table  indicates  that  calculating 
silica  as  silicate  alters  the  hypotheticals  very  little. 


Table  IV — Comparison  of  Calculated  and  Determined  Values  for 

Sodium 


By  Difference 


Sample 

Detd. 

Without  SiC>3 

With  SiC>3 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

63,154 

56.6 

45.2 

57.3 

63,279 

18.7 

5.9 

19.3 

63,280 

20.3 

10.5 

23.4 

63,282 

43.8 

36.6 

53.4 

63,293 

59.9 

51.1 

65.9 

62,780 

83.7 

77.4 

87.3 

63,008 

11.1 

1.0 

21.5 

62,779 

107.9 

103.6 

112.4 

Table  V — Comparison  of  Values  for  Residue  and  Sum  of  Hypothetical 

Combinations 

Sum  of  Hypothetical  Combinations 


Residue  (by 

Silica  as 

Silica  as 

Sample 

Evaporation) 

SiOj 

SiOs 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

63,154 

566 

556.3 

555.9 

63,279 

381 

377.2 

368.1 

63,280 

352 

377.2 

378.5 

63,282 

558 

569.5 

566.9 

63,293 

877 

827.3 

825.8 

62,780 

822 

741.2 

740.6 

63,008 

409 

426.3 

425.9 

62,779 

684 

666.5 

666.4 

In  soft  waters  of  comparatively  low  mineral  content,  more 
commonly  in  surface  waters,  we  have  often  found  that  our 
boiler  water  analysis  shows  the  presence  of  no  sodium.  Re¬ 


peated  checks  on  the  determinations  made  have  shown  them 
to  be  correct  and  only  by  the  inclusion  of  silica  as  the  silicate 
ion  is  the  presence  of  sodium  shown.  In  one  case  the  inclusion 
of  silica  as  the  silicate  ion  made  the  analysis  show  the  presence 
of  3  p.  p.  m.  of  sodium.  (Of  course  this  figure  represents 
sodium  and  potassium  combined.)  By  actual  determination 
6  p.  p.  m.  of  sodium  and  potassium  combined  were  shown  to  be 
present. 

In  harder  waters  of  comparatively  high  mineral  content, 
and  in  waters  where  the  silica  is  quite  small  in  amount,  the 
inclusion  of  the  silicate  ion  is  probably  not  so  important. 
While,  strictly  speaking,  we  believe  it  should  always  be  in¬ 
cluded,  yet  for  practical  purposes  its  inclusion  may  be  limited. 
We  suggest  that  where  the  silicate  amounts  to  half  the  error 
between  the  positive  and  negative  ions  it  should  be  included. 
Otherwise  it  need  not  be  included. 

Literature  Cited 

(1)  Winkler,  Z.  anal.  Chem.,  54,  365  (1914). 

Note — The  silica  determinations  for  the  boiler  water  analyses  of  Samples 
60,206  and  63,413  were  made  colorimetrically.  The  silica  determinations 
in  the  mineral  analyses  were  all  made  gravimetrically  except  No.  63,282. 
This  sample  had  a  rather  high  turbidity,  so  a  colorimetric  determination  was 
made  on  a  filtered  sample. 

The  analyses  used  in  the  above  tables  were  picked  at  random  from  the 
files  of  the  State  Water  Survey.  All  samples  were  collected  in  bottles  of 
resistant  glass  and  analyses  were  made  soon  after  collection.  See  Collins 
and  Riffenburg,  Ind.  Eng.  Chem.,  15,  48  (1923). 


Determination  of  Silica  in  the  Presence  of  Fluorspar' 

W.  T.  Schrenk  and  W.  H.  Ode 

School  of  Mines  and  Metallurgy,  University  of  Missouri,  Rolla,  Mo. 


THE  determination  of  silica  in  the  presence  of  fluorspar 
has  always  been  accomplished  either  by  difficult  and 
complex  analytical  procedures  or  by  rapid  arbitrary 
control  methods  of  doubtful  precision.  The  method  is 
usually  one  of  the  following  types:  fusion  with  alkali  car¬ 
bonate  followed  by  extraction  with  water  and  treatment  of 
the  filtrate  with  either  ammonium  carbonate-zinc  oxide  or 
mercury-ammonium  carbonate;  -fusion  with  lead  oxide;  ex¬ 
traction  of  the  ore  with  acetic  acid.  Stadeler  (3)  studied 
five  methods  for  the  determination  of  silica  in  the  presence  of 
fluorine  and  found  only  one,  that  of  Berzelius,  to  give  reli¬ 
able  results  if  the  fluorine  content  was  above  one  per  cent. 
The  method  of  Berzelius,  however,  is  long  and  tedious,  even 
though  accurate.  The  present  study  was  undertaken  to  de¬ 
termine  whether  a  more  simple  method  could  be  found  for  the 
determination  of  silica  in  the  presence  of  fluorspar. 

Jannasch  and  Weber  (1 )  in  1899  reported  that  there  was  no 
loss  of  silica  when  a  silicate  containing  a  fluoride  was  fused 
with  boric  oxide  over  an  oxygen  blast  lamp.  The  fluorine 
was  expelled  as  boron  trifluoride.  Meulen  (£)  in  1923  proved 
that  calcium  fluoride  could  be  decomposed  by  sulfuric  acid  in 
the  presence  of  boric  acid  without  etching  glass.  This  was 
confirmed  in  the  following  experiments.  The  hydrofluoric 
acid  liberated  by  the  acid  treatment  immediately  reacts  with 
the  boric  acid  to  form  boron  trifluoride,  which  does  not  attack 
glass.  In  all  the  experiments  performed,  Pyrex  beakers  were 
used  and  in  no  case  was  there  the  slightest  evidence  of  etching 
from  repeated  determinations  in  the  same  beakers.  The 
fluorspar  was  decomposed  with  an  acid  in  the  presence  of  an 
excess  of  boric  acid.  Hydrochloric,  sulfuric,  and  perchloric 

1  Presented  before  the  Division  of  Industrial  and  Engineering  Chemis¬ 
try  at  the  77th  Meeting  of  the  American  Chemical  Society,  Columbus, 
Ohio,  April  29  to  May  3,  1929. 


acids  were  each  separately  used  for  the  decomposition.  Pre¬ 
liminary  results  showed  that  the  perchloric-boric  acid  de¬ 
composition  gave  the  most  satisfactory  results.  That  the 
perchloric  acid  was  more  satisfactory  was  due  to  the  fact  that 
calcium  perchlorate  is  very  soluble  and  can  be  more  easily 
removed  from  the  residue  than  calcium  sulfate. 

The  following  procedure  was  used  in  all  of  the  subsequent 
determinations  of  silica:  A  0.5-gram  sample  of  the  finely 
ground  fluorspar  was  treated  with  15  ml.  of  20  per  cent  per¬ 
chloric  acid  saturated  with  boric  acid  at  50°  C.  The  ore  was 
digested  with  this  solution  in  a  Pyrex  beaker  until  fumes  of 
perchloric  acid  had  come  off  for  4  to  5  minutes.  A  few  milli¬ 
liters  of  water  were  then  added,  and  the  fuming  repeated  for  4 
to  5  minutes.  The  residue  was  then  diluted  to  50-75  ml.,  the 
solution  heated,  and  the  silica  and  insoluble  material  filtered 
off.  The  filter  paper  was  washed  first  with  a  dilute  solution  of 
perchloric  acid  and  finally  with  hot  water  until  free  of  calcium 
salts  as  shown  by  tests  with  ammonium  oxalate.  The  filter 
paper  containing  the  silica  was  ashed  in  a  platinum  crucible, 
two  drops  of  concentrated  sulfuric  acid  added,  and  the  residue 
ignited  to  constant  weight.  The  silica  in  the  residue  was  de¬ 
termined  in  the  usual  manner  by  volatilization  with  hydro¬ 
fluoric  acid.  An  examination  of  the  residue  with  a  microscope 
before  volatilization  with  hydrofluoric  acid  showed  that  there 
was  no  undecomposed  calcium  fluoride. 

A  sample  of  c.  p.  calcium  fluoride  which  was  analyzed  for  silica 
and  found  free  of  this  substance  was  used  in  making  the  follow¬ 
ing  tests.  A  very  pure  specimen  of  quartz  was  used  as  a 
source  of  the  silica.  The  analysis  of  the  quartz  showed  that 
it  contained  99.92  per  cent  silica. 

Constant  weights  of  the  powdered  calcium  fluoride  were 
mixed  with  varying  amounts  of  pulverized  quartz  and  the 
silica  was  determined  by  decomposition  with  the  perchloric- 
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boric  acid  mixture.  These  results  show  that  the  silica  content 
of  a  calcium  fluoride-quartz  mixture  can  be  determined  very 
accurately.  Tests  were  made  on  mixtures  containing  0.5 
gram  of  calcium  fluoride  and  from  0.01  to  0.1  gram  of  quartz. 
The  method  is  no  doubt  applicable  to  samples  containing 
larger  amounts  of  quartz.  The  results  are  listed  in  Table  I. 

Table  I — Determination  of  Silica  in  Fluorspar- Quartz  Mixture 

(Weight  of  CaF2,  0.5000  gram) 

SiCh  Si02 


Contained 

SiCh  Detd. 

Error 

Contained 

SiOs  Detd. 

Error 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

0.0100 

0.0102 

+  0.0002 

0.0498 

0.0495 

-0.0003 

0.0100 

0 . 0099 

-0.0001 

0 . 0498 

0.0494 

-0.0004 

0  0199 

0.0196 

-0.0003 

0.0511 

0.0511 

0.0000 

0 . 0200 

0.0198 

-  0 . 0002 

0.0527 

0.0527 

0.0000 

0 . 0200 

0.0199 

-0.0001 

0.0987 

0.0988 

+  0.0001 

0.0217 

0.0217 

0.0000 

0 . 0987 

0.0987 

0.0000 

0 . 0349 

0.0347 

-0.0002 

0.0998 

0.0994 

-0.0004 

0.0350 

0.0347 

-0.0003 

0.0998 

0 . 0994 

-0.0004 

0.0475 

0.0477 

+0.0002 

A  synthetic  sample  containing  12.60  per  cent  silica  was  pre¬ 
pared  from  a  sample  of  fluorspar  and  quartz.  The  results  of  a 
series  of  analyses  on  this  sample  are  given  in  Table  II. 

In  order  to  test  further  the  accuracy  of  the  perchloric-boric 
method,  a  Bureau  of  Standards  sample  of  fluorspar  No.  79  was 
obtained.  The  silica  content  as  determined  by  the  Bureau  of 
Standards  was  1.89  per  cent  with  a  maximum  deviation  of 
±0.15  per  cent.  The  results  of  a  series  of  determinations 
made  in  this  laboratory  using  the  perchloric-boric  acid  method 


of  decomposition  was  1.87  per  cent  silica,  the  maximum  devia¬ 
tion  in  results  being  ±0.05  per  cent. 

Table  II — Determination  of  Silica  in  Synthetic  Sample 

(Weight  of  sample,  0.5000  gram) 


Si02 

Contained 

Si02 

Found 

Deviation 

Si02 

Gram 

Gram 

Gram 

Per  cent 

0.0630 

0.0626 

-0.0004 

12.52 

0.0630 

0.0630 

0 . 0000 

12.60 

0.0630 

0.0629 

-0.0001 

12.58 

0.0630 

0 . 0634 

+  0.0004 

12.68 

Tests  were  also  made  to  determine  whether  perchloric  acid 
could  be  used  alone  for  decomposition  without  losing  silica. 
The  analysis  of  synthetic  samples  and  the  Bureau  of  Standards 
sample  for  silica  gave  low  results. 

Conclusions 

(1)  Fluorspar  can  be  decomposed  by  treatment  with  a 
mixture  of  perchloric  and  boric  acids  without  an  appreciable 
loss  of  silica. 

(2)  The  method  is  rapid  and  is  capable  of  a  high  degree  of 
precision. 

(3)  Decomposition  of  the  fluorspar  with  perchloric  acid 
alone  gives  low  results. 

Literature  Cited 

(1)  Jannasch  and  Weber,  Ber.,  32,  1670  (1899). 

(2)  Meulen,  Chem.  Weekblad,  20,  59  (1923). 
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Determination  of  Total  Carbon  in  Soils' 

Eric  Winters,  Jr.,  and  R.  S.  Smith 


Agricultural  Experiment  Station,  University  of  Illinois,  Urbana,  III. 


THE  great  diversity  of  the  soil  carbon  compounds  intro¬ 
duces  certain  difficulties  into  the  determination  of  total 
carbon  that  are  not  encountered  in  ordinary  analyses. 
The  wet  combustion  method  ( 3 )  commonly  employed  has  two 
major  disadvantages — an  elaborate  train  to  remove  the  large 
quantities  of  sulfur  dioxide  and  sulfur  trioxide  fumes,  and  the 
inconvenience  of  handling  boiling  sulfuric  acid.  Further, 
there  is  the  possibility  that  inert  portions  of  the  organic  matter 
may  not  be  completely  oxidized  by  this  method,  especially  in 
heavy  soils,  because  of  the  relatively  low  temperature  of  the 
reaction,  approximately  400°  C.  The  difficulty  of  destroying 
the  carbon  that  often  collects  on  the  sides  of  the  flask  in  Kjel- 
dahl  digestions  points  strongly  to  the  possibility  of  such  an 
error. 

These  objections  are  not  found  in  the  dry  combustion 
method  described  by  Salter  ( 1 ).  It  seemed  to  give  promise  of 
being  a  more  convenient  method  and  at  the  same  time  of 
yielding  more  accurate  results  than  the  wet  combustion 
method,  and  therefore  an  investigation  of  its  suitability  for 
making  a  large  number  of  total  carbon  determinations  in 
soils  was  undertaken. 

The  great  “dilution”  of  the  soil  organic  matter  by  inert 
mineral  material  suggested  the  possibility  of  dispensing  with 
the  usual  two-unit  furnace  for  organic  work  and  of  inserting 
the  loaded  boat  immediately  into  the  hot  unit  containing 
the  copper  spiral,  thus  avoiding  the  loss  of  time  occasioned  by 
heating  the  charge  gradually.  The  mineral  portion  of  the 
soil,  usually  exceeding  95  per  cent,  is  relied  on  to  retard  vola¬ 
tilization  sufficiently  to  permit  complete  oxidation.  If  the 
volatile  compounds  are  driven  off  too  rapidly  to  be  fully 
oxidized,  the  results  will  be  low  and  the  method  unsatisfactory. 
No  reference  was  found  in  the  literature  concerning  this 

1  Received  April  5,  1929. 


point,  and  therefore  it  was  thought  necessary  to  give  it  some 
attention. 

Samples  whose  carbon  content  had  been  determined  by  the 
wet  combustion  method  were  available.  It  was  assumed  that, 
should  the  dry  combustion  figures  check  with  the  above  and 
in  addition  be  consistently  reproducible,  the  method  could 
be  called  satisfactory. 

Preliminary  work  indicated  that  the  dry  combustion  results 
were  too  low,  as  is  shown  in  Table  I.  In  addition  to  the  pos¬ 
sibility  of  too  rapid  volatilization,  it  seemed  likely  that  the 
oxygen  might  not  readily  penetrate  through  the  charge  to 
react  with  the  more  inert  carbon  compounds.  Both  of  these 
difficulties  should  be  overcome  by  a  suitable  oxidizing  agent 
in  the  bottom  of  the  boat.  Manganese  dioxide  was  chosen 
because  of  its  infusibility  and  the  high  temperature  at  which  it 
releases  oxygen,  570°  C. 


Table  I — Comparison  of  Methods 

(Grams  of  CO2) 


Dry 

Dry 

Combustion 

Combustion 

Wet 

Soil 

with  MnO: 

without  MnOj 

Combustion 

Gram 

Gram 

Gram 

234 

0.0840 

0.0820 

236 

0.0545 

0.0528 

238 

0.0550 

0 . 0536 

244 

0.0505 

0.0526 

250 

0.0510“ 

0.0480“ 

251 

0.0518 

0.0500 

256 

0.0420 

0.0439 

267 

0.0525 

O.65OO 

0.0535 

249 

0.0530“ 

0.0490° 

270 

0 . 0985 

0.0930 

0.0980 

273 

0.0630 

0 . 0590 

0.0635 

276 

0.0990 

0.0950 

0.0993 

“  Difference  exceeds  experimental  error. 

With  this  modification  the  agreement  between  the  two 
methods  is  good,  in  general,  as  indicated  in  Table  I.  The  dif- 
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ferences  exceed  the  limits  of  experimental  error  in  two  cases, 
Samples  250  and  249.  It  is  thought  that  in  these  cases  the 
wet  method  failed  to  oxidize  the  carbon  completely,  as  was 
previously  suggested.  Table  II  shows  the  increased  amounts 
of  carbon  dioxide  obtained  when  manganese  dioxide  was  used. 
As  would  be  expected,  the  difference  increases  with  increasing 
carbon  content.  Sample  7  is  a  calcareous  subsoil,  low  in 
organic  carbon,  and  it  is  seen  that  with  this  sample  the  same 
results  were  secured  without  manganese  dioxide  as  with  it. 

Table  II — Effect  of  M11O2  Using  Dry  Combustion  Method 

(Grams  of  CO2) 


Soil, 

With  MnOs 
Gram 

Without  MnOj 
Gram 

Difference 

Gram 

276 

0.0992 

0.0950 

0 . 0042 

458 

0.0124 

0.0114 

0.0010 

Clyde  1 

0.2510 

0.2415 

0.0095 

273 

0 . 0630 

0.0590 

0 . 0040 

267 

0.0525 

0.0500 

0.0025 

417 

0 . 0682 

0 . 0640 

0 . 0042 

7 

0  2150 

0.2150 

0 . 0000 

While  experimental  error  is  estimated  at  ±0.0005,  the 
value  ±0.0003  more  nearly  approximates  the  variations 
found  in  running  one  hundred  samples  in  duplicate.  This 
smaller  error  only  slightly  exceeds  balance  errors,  for  with  a 
100-gram  load  sensitivity  scarcely  exceeds  0.0001.  This 
figure  is  doubled  on  subtracting  two  readings.  Moreover, 
account  must  be  taken  of  errors  of  weighing  and  transferring 
the  charge. 


Sample  276  was  determined  on  fifteen  different  days,  it 
being  used  as  a  “standard”  to  check  the  apparatus.  The 
values  obtained  with  this  sample  all  fell  within  the  limits 
0.0990  ±  0.0005,  as  given  in  Table  I;  other  samples  gave 
equally  good  agreement  when  redetermined.  It  is  believed 
that  the  above  evidence  is  sufficient  to  justify  the  statement 
that  complete  oxidation  is  obtained  with  this  modified  dry 
combustion  method. 

The  details  and  precautions  necessary  in  making  this  de¬ 
termination  are  evident  to  anyone  familiar  with  dry  combus¬ 
tion  work.  With  a  2-gram  charge  about  0.25  gram  of  man¬ 
ganese  dioxide  was  found  satisfactory  unless  the  carbon  diox¬ 
ide  released  exceeded  0.1500  gram,  in  which  case  the  charge 
was  reduced  to  1  gram.  Larger  amounts  of  manganese 
dioxide  tended  to  cause  minute  explosions,  scattering  ma¬ 
terial  over  the  interior  of  the  tube.  This  resulted  in  erratic 
blanks  and  seemed  to  reduce  the  efficiency  of  the  copper  as  a 
catalyst.  The  temperature  must  be  sufficient  to  decompose 
calcium  and  magnesium  carbonates,  approximately  950°  C. 
The  train  must  provide  for  removal  of  such  compounds  as 
nitrogen  peroxide,  sulfur  dioxide,  and  sulfur  trioxide,  in  ad¬ 
dition  to*  considerable  water.  Anhydrone  (2)  was  found  a 
desirable  substitute  for  phosphorus  pentoxide  in  removing 
water  vapor  from  the  train  because  of  its  ease  of  handling. 

The  time  allowed  for  a  combustion  was  10  minutes.  Table 
III  shows  that  practically  all  the  carbon  dioxide  was  expelled 
in  5  minutes,  so  the  10-minute  period  chosen  should  be  quite 
safe.  The  rapid  flow  of  oxygen  used,  10  to  15  liters  per  hour, 
and  the  presence  of  manganese  dioxide  probably  account  for 
the  short  reaction  time. 

Figure  1  shows  the  set-up  of  the  combustion  train  used  in 
this  study. 


Table  III— Effect 

of  Time  of 

Combustion 

Using  Modified 

Combustion  Method 

(Grams  of  CO2) 

Soil 

5  Minutes 

10  Minutes 

15  Minutes 

Gram 

Gram 

Gram 

270 

0.0985 

0 . 0985 

0 . 0985 

276 

0 . 0990 

0.0990 

0.0990 

Clyde  1 

0.2490 

0.2510 

0.2510 

7 

0.2140 

0.2150 

0  2150 
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Action  of  Papain  on  the  Polarization  of  Gelatin 

A  New  Method  of  Measuring  Proteolytic  Activity 


H.  C. 

The  Fleischmann  Laboratories,  158th 

WHEN  a  gelatin  solution  is  cooled,  its  polarization 
remains  practically  constant  until  the  tempera¬ 
ture  reaches  35°  C.  (4).  From  there  downward 
the  levo-rotation  rapidly  increases.  When  warmed,  the 
reverse  change  takes  place.  Thus,  in  the  table  below  it  is 
shown  that  the  polarization  changed  from  — 13.4°  V.  at  20°  C. 
to  —7.3°  V.  at  35°  C.  Recent  work  by  Kraemer  (2)  and  by 
Kraemer  and  Fanselow  (S)  has  revealed  the  extraordinary 
sensitiveness  of  the  polarization  of  chilled  gelatin  to  tempera- 
tun?  and  to  pH,  and  Fanselow  (/)  has  shown  the  remarkable 
influence  of  electrolytes. 

Tiit'  mutarotation  of  gelatin  is  rapidly  lowered  by  proteo- 

i  Presented  before  the  Division  of  Sugar  Chemistry  at  the  77th  Meeting 
of  the  American  Chemical  Society,  Columbus,  Ohio,  April  29  to  May  3,  1929. 


Gore 

St.  and  Mott  Ave.,  New  York,  N.  Y. 

lytic  enzymes.  Papain,  pepsin,  pancreatin,  and  the  proteo¬ 
lytic  enzyme  of  malt  are  all  active. 

The  work  described  herein  was  done  to  develop,  if  possible, 
a  method  for  the  determination  of  proteolytic  power,  through 
the  measurement  of  the  rate  of  decline  of  the  mutarotation 
of  gelatin.  The  enzyme  papain  was  used  throughout.  It 
was  found  necessary  to  control  the  pH  and  after  the  action 
of  the  enzyme  to  refrigerate  the  solution  long  enough  for  the 
mutarotation  to  assume  the  highest  practicable  value  when 
the  solution  was  warmed  to  the  temperature  selected  for  the 
readings.  It  was  also  necessary  to  wait  for  some  time  after 
warming  to  the  selected  temperature  to  allow  time  for  the 
readings  to  become  constant.  The  temperature  arbitrarily 
chosen  was  20°  C. 
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Changes  in  Polarization  of  Gelatin  during  Digestion 

The  following  experiment  was  made  to  show  the  changes 
in  polarization  of  gelatin  during  digestion  with  papain: 

A  commercial  food  gelatin  containing  10.4  per  cent  moisture 
and  1.15  per  cent  ash  was  used.  This  was  a  blend  of  the 
second  extraction  of  gelatin  from  pigskin.  This  gelatin  was 
produced  by  an  acid  cook,  the  skins  having  been  acidified  to 
the  proper  pH  with  hydrochloric  acid.  Its  solution  showed 
no  turbidity  at  4.8  pH,  but  gave  marked  clouding  at  pH  6.8. 

A  gelatin  solution  was  made  containing  2  grams  of  air-dry 
gelatin  per  100  cc.  Its  pH  was  4.7.  The  papain  solution 
contained  1  gram  per  liter  and  polarized  at  —0.35°  V.  in  a  2- 
dc.  tube.  Eleven  flasks  of  gelatin  solution  were  prepared, 
each  containing  50  cc.  of  the  above  gelatin  solution  and  10  cc. 
of  Walpole’s  acetate  buffer  of  4.8  pH  (8  cc.  of  1  A  acetic  acid 
and  12  cc.  of  1  A  sodium  acetate,  diluted  to  100  cc.).  They 
were  warmed  to  45°  C.  in  a  thermostat.  A  series  of  flasks 
was  then  prepared  containing  varying  amounts  of  the  above 
papain  solution  and  sufficient  water  to  bring  the  volume  of 
each  to  40  cc.  These  solutions  were  also  heated  to  45°  C. 
in  the  thermostat. 


The  gelatin  solutions  were  poured  one  by  one  into  the 
papain-containing  solutions,  time  of  mixing  being  noted. 
The  flasks  were  then  stoppered  and  the  solutions  heated  at 
45°  C.  for  an  hour.  They  were  then  cooled  sharply  in  ice 
water  and  refrigerated  overnight  at  about  5°  C.  They  were 
then  warmed  to  20°  C.  in  a  bath  kept  at  20°  C.,  let  stand  for 
at  least  1  hour  at  20°  C.,  and  polarized  at  20°  C.  and  at  35°  C. 
in  a  jacketed  tube.  A  portion  of  the  control  solution,  which 
contained  no  papain,  was  placed  in  a  2-dc.  polariscope  tube 
as  soon  as  it  cooled  after  removal  from  the  thermostat,  and 
refrigerated  with  the  others.  The  tube  was  placed  in  the 
water  bath  at  20°  C.  for  an  hour  and  then  polarized  at  20°  C. 
Destruction  of  jelly  power  by  papain  took  place  during  the 
early  part  of  the  destruction  of  the  mutarotation,  and  no 
difficulty  was  experienced  in  pouring  the  solutions  digested 
with  papain  into  the  polariscope  tube,  even  those  containing 
but  2  and  4  mg.  of  papain,  respectively.  These  solutions 
were,  however,  somewhat  more  viscous  than  the  others. 

The  polarizations  given  below  are  corrected  for  the  slight 
rotations  due  to  the  papain. 

The  polarizations  at  20°  C.  decreased  from  —13.4°  V.  to 
—  7.75°  V.  as  the  papain  was  increased  to  35  mg.  The  re¬ 
lation  between  the  polarization  declines  at  20°  C.  and  the 
papain  present  was  linear  to  the  point  at  which  about  40  per 
cent  of  the  mutarotation  was  destroyed  by  the  enzyme.  The 
polarization  at  35°  C.  declined  but  slightly — from  —7.3  to 
-6.8. 

The  mutarotation  of  the  gelatin  control  was  6.1  °  V.  Heat¬ 


ing  the  gelatin  with  35  mg.  of  papain  destroyed  over  four- 
fifths  of  the  mutarotation,  the  final  value  observed  then 
being  but  0.95°  V. 

Changes  in  Polarization  at  20°  and  35°  C.  of  Gelatin  Solutions  Heated 
for  1  Hour  at  45°  C.  with  Papain  at  4.8  pH 

Polarizations 


Papain 

At  20°  C. 

At  35°  C. 

Mutarotation 

Mg.  per  100  cc. 

0  V. 

°  V. 

°  V. 

0 

-13.4 

-7.3 

6.1 

2 

-12.85 

-7.3 

5.55 

4 

-12.3 

-7.3 

5.0 

6 

-11.8 

-7.25 

4.55 

8 

-11.25 

-7.15 

4.10 

10 

-10.75 

-7.15 

3.60 

15 

-  9.7 

-6.95 

2.85 

20 

-  9.0 

-6.95 

2.05 

25 

-  8.4 

-6.90 

1.5 

30 

-  7.95 

-6.85 

1.1 

35 

-  7.75 

-6.80 

0.95 

These  regular  declines  of  the  rotations  of  gelatin  at  20° 
and  35°  C.  may  reasonably  be  regarded  as  measures  of  the 
digestive  action  of  papain. 

Measurement  of  Proteolytic  Activity 

The  significance  of  the  work  is  twofold.  It  may  give  us  a 
simple  method  of  accurately  measuring  the  early  stages  of 
proteolytic  action.  It  also  may  enable  us  to  assign  numerical 
values,  expressed  in  terms  of  enzyme  and  substrate,  to  pro¬ 
teolytic  activity.  This  is  due  to  the  fact  that  during  the 
first  40  per  cent  of  the  mutarotation  destruction  the  relation 
between  the  decline  in  the  polarizations  at  20°  C.  and  the 
amount  of  enzyme  is  linear.  In  this  respect  it  is  similar  to 
the  relation  which  exists  between  the  saccharifying  enzyme 
of  malt  and  starch  in  the  Lintner  methods  for  determination 
of  diastatic  power. 

The  method  proposed  is  as  follows:  Prepare  a  filtered  solu¬ 
tion  of  a  commercial  food  gelatin  containing  2  grams  per  100 
cc.,  using  preferably  a  gelatin  made  from  acid-conditioned 
stock  showing  no  turbidity  near  pH  4.8  and  having  a  pH  of 
about  4.8.  For  each  test  prepare  twTo  solutions,  one  consisting 
of  50  cc.  of  the  above  solution  of  gelatin  and  10  cc.  of  Walpole’s 
acetate  buffer  of  4.8  pH,  the  other  consisting  of  40  cc.  of  a 
mixture  of  the  papain  solution  and  water.  Warm  both  solu¬ 
tions  to  45°  C.  in  a  water  bath  at  45°  C.  Then  pour  the 
gelatin  solution  into  the  enzyme  solution,  note  the  time, 
stopper  the  flask  containing  the  mixed  solutions,  and  digest 
at  45°  C.  for  an  hour,  or  other  time  selected.  (If  this  time  is 
much  longer  than  an  hour  the  solution  should  be  preserved  by 
shaking  with  a  few  drops  of  toluene.)  Cool  sharply,  prefer¬ 
ably  in  ice  water,  refrigerate  for  16  hours  at  about  5°  C.,  warm 
to  20°  C.  in  a  water  bath  at  20°  C.,  let  stand  for  at  least  1 
hour  at  this  temperature,  and  polarize.  Correct  for  the 
optical  activity  of  the  papain  solution.  The  result  is  the  20- 
degree  polarization  of  the  partly  digested  gelatin. 

To  determine  the  percentage  of  gelatin  digested  the  polari¬ 
zation  of  the  original  gelatin  solution  is  required,  and  also 
that  of  the  gelatin  solution  when  digestion  is  practically 
complete.  These  two  determinations,  which  may  be  deter¬ 
mined  once  for  all  on  a  given  lot  of  gelatin,  should  be  made 
as  follows. 

Polarization  of  Gelatin  at  20°  C. — Prepare  a  check  lot, 
using  no  papain,  heating  the  gelatin,  buffer  solution,  and  water 
in  the  manner  above  described.  After  cooling  put  a  sample 
of  the  solution  in  a  polariscope  tube,  chill,  refrigerate  for  16 
hours  at  about  5°  C.,  warm  to  20°  C.,  keep  at  20°  C.  for  au 
hour,  and  polarize  at  20°  C. 

Polarization  of  Digested  Gelatin  at  20°  C. — Prepare 
two  solutions  of  gelatin  and  buffer,  and  papain  and  water  as 
described  above,  using  sufficient  of  an  active  papain  solution 
to  lower  the  20°  C.  polarization  to  a  value  that  is  nearly  con¬ 
stant.  Papain  solution  equal  to  about  50  mg.  of  an  active 
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papain  is  sufficient.  Mix,  incubate,  chill,  refrigerate,  warm 
to  20°  C.,  let  stand,  and  polarize  at  20°  C.  Correct  for  the 
polarization  due  to  the  papain  solution. 

Calculate  the  percentage  of  gelatin  digested.  If  over  40 
per  cent  is  digested,  the  determination  must  be  repeated  using 
less  papain  or  a  shorter  time. 

Compute  the  proteolytic  activity  by  the  following  formula: 


where  P  =  proteolytic  power 

W  =  weight  of  air  dry  gelatin  digested 
w  =  weight  of  papain 
t  =  time  in  hours 

Examples.  The  polarization  of  the  original  gelatin  solution 
at  20°  C.  under  the  conditions  described  was  — 13.3  0  V.,  that  of 
the  digested  gelatin  was  —6.7°  V.  The  polarization  due  to  the 
papain  solution  used  for  digesting  the  gelatin  was  —0.5°  V. 


Thus,  the  polarization  of  the  digested  gelatin  corrected  for  that 
of  the  papain  was  —6.2°  V. 

The  results  obtained  in  the  assay  of  five  samples  of  papain 
were  as  follows: 


Polariza¬ 

Fall  in  20°  C. 

Gela¬ 

Proteo¬ 

Papain 

tion  at 

Polariza¬ 

tin  Di¬ 

lytic 

Sample 

Used 

20°  C. 

tion 

gested 

Power 

Mg. 

0  V. 

°  V. 

Per  cent 

1 

5 

-11.0 

2.3 

32.4 

65 

2 

5 

-11.75 

1.55 

22.0 

44 

3 

5 

-12.05 

1.25 

17.6 

35 

4 

5 

-12.15 

1  15 

16.2 

32 

7 

5 

11.2 

2.1 

29.5 

59 
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Nature  and  Constitution  of  Shellac 

II— Potentiometric  Titrations  in  95  Per  Cent  Ethyl  Alcohol1 
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Shellac  Research  Bureau  op  United  States  Shellac  Importers’  Association,  Polytechnic  Institute  op  Brooklyn,  Brooklyn,  N.  Y. 


LTHOUGH  several 
substances  showing 
acid  characteristics 
are  used  in  paints,  varnishes, 
and  lacquers,  our  knowledge 
of  the  effects  of  different 
hydrogen-ion  concentrations 
upon  the  properties  of  pro¬ 
tective  coating  compositions 
is  very  limited.  Certainly 
resins  and  some  oils  should 
give  measurable  hydrogen-ion 
concentrations  in  those  com¬ 
positions  containing  ionizing 
solvents  such  as  the  alcohols.  Furthermore,  it  is  possible 
that  their  behavior  in  these  compositions  may  have  some 
analogy  to  the  conditions  that  may  exist  in  poorer  con¬ 
ducting  systems.  A  comparison  of  the  ionizing  property 
of  shellac  with  other  spirit-soluble  resins  and  some  organic 
acids,  as  presented  in  this  paper,  therefore  seems  highly 
desirable.  This  information  may  prove  to  be  of  considerable 
assistance  in  the  investigation  of  such  problems  as  the  liver- 
ing  of  paints  and  varnishes,  where  the  nature  of  the  acids, 
and  not  the  total  acidity,  appears  to  be  the  important  factor 
when  basic  substances  such  as  the  metal  oxides  are  incor¬ 
porated  in  the  protective  coating  (3,  6,  7). 

In  such  investigations  the  potentiometric  method  for  ti¬ 
trating  acidity  would  appear  to  possess  some  advantages. 
For  example,  one  can  distinguish  between  strong  mineral 
acids  and  weak  organic  acids  by  the  shape  of  the  titration 
curves.  This  method  can  also  be  used  when  the  depth  of 
color  of  the  solutions  prohibits  the  use  of  indicators.  The  feasi¬ 
bility  of  employing  such  methods  in  non-aqueous  solvents 
has  already  been  demonstrated  (1,10, 11).  For  example,  Seitz 
and  McKinney  have  titrated  benzoic  and  stearic  acids  and  the 

1  Presented  before  the  Division  of  Paint  and  Varnish  Chemistry  at 
the  77th  Meeting  of  the  American  Chemical  Society,  Columbus,  Ohio, 
April  29  to  May  3,  1929.  This  article  is  contribution  No.  2  from  the  Shellac 
Research  Bureau.  For  the  first  article  of  this  series  see  Ind.  Eng.  Chem., 
21,  226  (1929). 

2  Research  fellow,  Shellac  Research  Bureau. 


acidity  of  three  turbine  oils 
in  amyl  alcohol  with  quinhy- 
drone  electrodes. 

Chemical  Nature  of  Resin 
Acids 

The  acid  character  of  natu¬ 
ral  resins  is  usually  assumed 
to  be  caused  by  the  presence 
in  these  materials  of  a  group 
of  substances  known  as  the 
resin  acids.  In  considering 
the  chemical  nature  of  these 
acids,  it  is  of  interest  to  re¬ 
member  that  shellac  is  an  insect  product  whereas  the  other 
resins  are  of  botanical  origin.  It  would  appear  from  what  is 
known  of  their  chemistry  that  the  essential  constituents  com¬ 
prising  the  shellac  molecules  are  aliphatic  compounds  while 
many  of  the  other  resins  are  readily  reduced  by  zinc  dust  to  aro¬ 
matic  hydrocarbons  ( 2 ,  4,  8).  Nagel  and  Korchen  ( 8 )  consider 
resins  such  as  amber,  copal,  and  some  of  the  rosins  to  contain 
extremely  weak  acids  in  comparison  with  shellac,  which  they 
believe  has  a  pronounced  acid  character.  They  attribute 
this  supposed  difference  in  acidity  either  to  marked  differ¬ 
ences  in  the  ratio  of  number  of  carbon  atoms  to  carboxyl 
groups  in  their  molecules  or  to  the  existence  of  phenol  groups 
in  place  of  carboxyl  groups  in  the  resin  acids  in  gums  other 
than  shellac.  Their  conclusions  are  based  upon  their  success 
in  preparing  a  methyl  derivative  of  shellac  both  by  Fischer’s 
method  of  esterification  with  3  per  cent  hydrogen  chloride 
as  catalyst  and  by  the  interaction  of  shellac  with  diazometh¬ 
ane.  The  methyl  derivative  so  prepared  had  practically  a 
zero  acid  value.  They  also  observed  the  slight  corrosion 
effects  of  alcohol  solutions  of  shellac  upon  several  metals. 

Choice  of  Solvent 

For  this  potentiometric  work  we  had  the  choice  of  several 
solvents  (3) .  However,  95  per  cent  ethyl  alcohol  was  chosen 
for  the  following  reasons:  It  is  one  of  the  best,  and  the  most 
commonly  used  solvent  (either  pure  or  when  denatured  with 


Varied  samples  of  different  grades  of  shellac  have  been 
titrated  for  acidity  in  95  per  cent  ethyl  alcohol  using  a 
potentiometric  method.  A  comparison  is  made  be¬ 
tween  the  relative  acidity  of  shellac  in  this  solvent  with 
some  common  spirit-soluble  acids  and  other  soluble 
gums.  This  work  shows  that  the  total  acidity  of  the 
varied  solutions  can  be  determined  with  a  high  degree 
of  accuracy.  Shellac  gives  solutions  whose  acidity  is 
comparable  with  that  of  the  weak  organic  acids,  and  it 
is  but  slightly  more  acidic  than  the  other  spirit-soluble 
gums.  The  possibilities  of  using  this  method  as  a 
guide  in  studies  of  such  problems  as  the  livering  of 
paints  is  mentioned. 
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1 —  Carbolic  acid  (phenol)  5 — Cinnamic  acid 

2 —  Glutaric  acid  6 — Malic  acid 

3 —  Laurie  acid  7 — Sulfuric  acid 

4 —  Benzoic  acid 

methanol)  for  shellac.  As  a  solvent  it  is  in  many  respects 
A^ery  similar  to  water.  A  fair  degree  of  constancy  of  com¬ 
position  can  be  obtained  by  a  simple  distillation,  and  it  may 
be  readily  obtained  in  quantity.  Hence  the  technic  (with 
some  modifications)  and  the  results  obtained  should  show  a 
fairly  close  analogy  to  the  best  known  liquid  systems,  water 
solutions,  while  at  the  same  time  the  method  employed  with 
this  solvent  should  be  applicable  to  others  of  a  similar  type. 

Apparatus  and  Materials  Used 

The  apparatus  consisted  of  the  usual  potentiometric  set-up 
consisting  of  potentiometer,  lamp  and  scale  galvanometer, 
and  reference  and  indicating  electrodes  in  a  titration  vessel. 
The  potentiometer  (Leeds  and  Northrup)  had  a  range  of  0  to 
1.61  volts  and  an  accuracy  of  0.5  millivolt  with  resistances 
less  than  10,000  ohms.  The  galvanometer  had  a  sensitivity 
of  40  megohms  and  a  period  of  3  seconds.  The  indicating  elec¬ 
trode  was  a  hydrogen  electrode  with  the  Hildebrand  type  of 
electrode  vessel.  This  electrode  was  chosen  because  of  its 
accuracy  in  measuring  alkaline  solutions.  The  reference 
electrode  was  a  calomel  half-cell  containing  a  saturated  solu¬ 
tion  of  lithium  chloride  in  95  per  cent  alcohol — i.  e.,  Hg/Hg2- 
Cl2-LiCl  95%  C2H5OH  //.  This  cell  gives  a  constant  voltage 
and  has  a  high  conductivity.  Because  of  the  slight  solubility 
of  potassium  chloride  in  ethyl  alcohol,  such  cells  were  found 
to  give  too  low  a  conductivity  for  accurate  readings  of  the 
galvanometer.  The  titration  vessel  consisted  of  a  100-cc. 
beaker  tightly  fitted  with  a  rubber  stopper  carrying  the 
above  hydrogen  and  calomel  cells,  a  buret,  and  hydrogen 
gas  outlet.  The  outlet  was  sealed  from  air  by  dipping  into 
95  per  cent  alcohol.  The  alkali  used  for  titrating  was  a 
0.1  A  solution  of  potassium  hydroxide  in  95  per  cent  alcohol. 

Preparation  of  Hydrogen  Electrodes 

It  was  found  that  Popoff’s  method  for  preparing  the  hy¬ 
drogen  electrodes  (9)  gave  the  best  results.  The  gold  plating 
of  the  electrode  before  deposition  of  platinum  black  was  not 
necessary.  Electrodes  were  first  cleaned  by  electrolyzing  as 


anode  in  concentrated  hydrochloric  acid.  They  were  then 
washed  with  distilled  water  and  coated  with  platinum  black 
as  cathode  in  a  3  per  cent  platinic  chloride  solution  containing 
1/m  per  cent  lead  acetate,  washed  with  distilled  water,  electro¬ 
lyzed  in  dilute  sodium  hydroxide,  and  then  in  10  per  cent 
sulfuric  acid  solution.  After  washing  with  distilled  water, 
they  were  allowed  to  stand  for  a  few  minutes  in  95  per  cent 
alcohol  before  use. 

Equilibrium  with  the  hydrogen  electrodes  could  not  be 
successfully  obtained  unless  air  was  excluded  by  using  the 
closed  titration  vessel  described.  With  this  method  initial 
equilibrium  was  obtained  in  5  to  10  minutes.  However, 
during  the  titration  equilibrium  was  obtained  after  each  new 
addition  of  alkali  within  3  minutes  with  the  pure  organic 
acids  and  within  5  to  7  minutes  with  the  acids  of  the  resins. 
This  difference  is  undoubtedly  due  to  the  difference  in  the 
viscosities  of  the  two  types  of  solutions. 

Procedure 

In  order  more  readily  to  compare  the  relative  acidity 
of  the  different  solutions  by  means  of  the  shape  of  the  titra¬ 
tion  curves,  solutions  of  equivalent  total  titratable  hydrogen- 
ion  concentrations  are  desired.  For  this  reason  dry  weights  of 
each  of  the  substances  were  taken  such  that  each  titration 
would  require  10  cc.  of  0.1  A  alkali;  instead  of  taking  1-gram 
samples  of  the  resins  as  is  customary.  In  the  case  of  the 
pure  monobasic  acids  this  is  equal  to  0.001  mol;  with  the 
dibasic  acids,  one-half  of  that  weight.  The  samples  were  dis¬ 
solved  in  25  cc.  of  95  per  cent  ethyl  alcohol,  which  had  been 
redistilled  from  a  fairly  concentrated  solution  of  potassium 
hydroxide  containing  a  small  amount  of  silver  nitrate.  The 
beaker  containing  the  solution  was  then  tightly  stoppered 


Figure  2 — Shellac 

Acid  Value 

1 —  Wax-free  bleached  shellac  117.6 

2 —  Dry  bleached  shellac  85.7 

3 —  Seed-lac  70.6 

4 —  T.  N.  Pure  orange  shellac  67.5 

5 —  U.S.S.A.  T.  N.  orange  shellac  73.3 

Note — Samples  3,  4,  and  5  were  analyzed  by  J.  W.  Paisley,  O.  M. 
Olsen,  and  F.  S.  White,  of  the  Chemists’  Committee  of  the  U.S.S.I.  A., 
for  iodine  value  and  alcohol-insoluble  with  following  results: 


I.  V. 

A.  I. 

Seed-lac 

15.2 

4.86 

T.  N.  Pure 

18.0 

3.12 

U.S.S.A.  T.  N. 

25.1 

3.98 
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as  described,  and  hydrogen  gas  run  through  the  titration  ves¬ 
sel  for  10  minutes.  The  hydrogen  electrode  was  then  in¬ 
serted  and  the  gas  bubbled  at  a  rate  of  one  bubble  per  second. 
Increments  of  1  to  2  cc.  of  alkali  were  added.  Constancy  in 
voltage  was  awaited  before  recording  readings.  The  alkali 
had  been  previously  standardized  against  weighed  amounts 
of  pure  benzoic  acid. 

Summary  and  Discussion  of  Results 

The  data  are  presented  in  graphical  form  in  Figures  1  to  3. 
This  work  clearly  shows  that  it  is  possible  to  titrate  the  acidity 
of  shellac  and  spirit-soluble  resin  solutions  potentiometrically 
in  95  per  cent  ethyl  alcohol.  In  all  cases  except  the  weakly 
acidic  phenol,  sharp  changes  in  the  slope  of  the  titration 
curves  take  place  when  sufficient  alkali  has  been  added  to 


Figure  3 — Spirit-Soluble  Resins 

Acid  Value 


1 —  Sandarach  112.0 

2 —  Mastic  (suspension)  57.5 

3 —  Rosin  (colophony)  153.6 

4 —  Kauri  (soluble  portion)  112.0 

5 —  Manila  copal  123.2 


neutralize  the  acidity.  This  shows  that  the  total  acidity  of 
these  solutions  can  be  determined  with  a  high  degree  of 
accuracy.  It  indicates  that  substances  like  shellac,  and  the 
resins  studied,  behave  as  acids  of  low  molecular  weight,  even 
though  we  are  led  to  believe,  from  other  considerations, 
that  they  give  colloidal  solutions  in  such  solvents  as  alcohol. 
This  seems  to  be  especially  the  case  with  gum  mastic,  where 
even  to  the  eye  the  solutions  are  clearly  suspensions.  It  is 
possible,  with  substances  of  high  molecular  weight  such  as 
we  are  studying,  that  what  we  have  is  charged  colloidal  par¬ 
ticles  resulting  from  ionization  process  as  the  anions  of  our 
solutions.  On  the  other  hand,  we  might  be  dealing  in  some 
cases  with  practically  neutral  particles  which  are  capable  of 
adsorbing  large  numbers  of  hydroxyl  ions  like  fuller’s  earth, 
thereby  disturbing  the  equilibrium  of  water  in  the  solvent 
H2O^H+  +  OH- 

so  that  the  solution  becomes  acidic.  If  this  adsorption  is 
such  that  it  is  not  readily  displaced  at  low  concentrations, 
what  we  actually  titrate  is  the  acidity  of  the  resulting  solu¬ 
tion  and  not  that  caused  by  the  ionization  of  the  colloidal 
particles.  The  problem  is  further  complicated  from  a  theo¬ 
retical  point  of  view  in  that  hydrolysis  may  occur  in  certain 
cases  even  with  0.1-normal  caustic. 


However,  it  is  quite  probable  that  the  paint  and  varnish 
chemist  is  frequently  more  interested  in  the  relative  acidity 
of  varied  solutions  than  in  the  actual  acidity  of  the  substances 
comprising  these  solutions.  From  this  viewpoint  it  can  be 
seen  that  shellac  and  resin  solutions  resemble  those  of  the 
pure  weak  organic  acids.  The  curves  for  these  substances 
in  many  respects  closely  resemble  those  of  the  four  acids, 
glutaric,  benzoic,  lauric,  and  cinnamic.  Seed-lac  solutions 
most  closely  resemble  lauric  and  cinnamic  acids.  The 
bleached  shellacs,  where  a  slight  partial  hydrolysis  of  the 
resin  may  have  taken  place  in  their  manufacture,  show 
closer  analogy  to  the  dibasic  glutaric  acid.  However,  the 
actual  differences  in  these  particular  curves  are  not  so  great 
that  we  are  in  position  to  draw  definite  conclusions  with  re¬ 
gard  to  the  constitution  of  the  different  shellac  particles  in 
alcohol. 

On  the  other  hand,  there  is  little  doubt  that  the  differences 
in  acidity  between  shellac  solutions  and  those  of  the  other 
resins  are  not  so  great  as  Nagel  and  Korchen  have  been  led  to 
believe.  In  fact,  if  the  acidity  is  caused  by  the  presence  of 
resin  acids  in  the  solutions,  shellac  would  contain  acids  that 
are  but  slightly  more  acidic  in  solution  than  manila  copal, 
kauri,  or  rosin. 

Since  the  neutralization  points  (the  mid-points  of  the  ver¬ 
tical  part  of  the  curves)  of  the  shellac  and  resin  curves  occur 
at  voltages  considerably  higher  than  the  mineral  acid,  sul¬ 
furic  acid,  there  should  be  little  question  but  that  this  acid, 
and  other  mineral  acids  of  a  similar  strength,  can  be  de¬ 
termined  in  the  same  solution  with  the  resinous  substances. 
Such  a  titration  curve  should  have  two  distinct  vertical 
portions  equivalent  to  each  of  the  two  types  of  acids  being 
titrated.  On  the  other  hand,  we  would  not  expect  to  be  able 
to  distinguish  between  mixtures  of  the  varied  resins  in  this 
solvent  when  in  the  same  solution  because  of  the  close 
proximity  of  the  various  end  points  as  shown  (5). 

When  we  consider  the  mass  law  equation  for  the  ionization 
of  an  acid  as  HA, 


(H+) 


(HA) 
C A- ) 


Ka 


where  the  parentheses  represent  concentration  and  Ka  is  the 
equilibrium  constant,  we  can  see  that  when  Ka  is  small, 
as  in  the  cases  of  weak  acids  such  as  studied  here,  it  is  a  more 
important  factor  in  the  determination  of  the  magnitude  of 
the  hydrogen-ion  concentration  than  is  the  concentration  of 
the  acid  or  the  acid  value  of  a  resin.  With  weak  acids  the 
value  of  Ka  is  to  an  extent  a  measure  of  the  strength  of  an 
acid  solution.  Unfortunately,  not  knowing  the  values  for  the 
liquid  junction  potentials  between  the  calomel  cell  and  the 
solutions  studied,  we  cannot  express  the  hydrogen-ion  concen¬ 
trations  in  absolute  values  or  calculate  accurately  Ka  from 
the  hydrogen-ion  concentrations  by  Nernst’s  equation 


E  =  Eo-  0.059  log  (H+) 


In  this  equation  E  is  the  voltage  observed  if  the  liquid  junc¬ 
tion  voltages  are  so  small  that  they  can  be  neglected,  and 
Eo  is  a  constant  for  each  different  cell  combination  used. 
Until  the  liquid  junction  potentials  have  been  shown  to  be 
very  small  or  of  constant  value  for  the  entire  range  of  hydro¬ 
gen-ion  concentration,  it  is  not  permissible  to  consider  them 
part  of  Eo.  However,  until  detailed  study  of  cell  combina¬ 
tions  in  non-aqueous  solvents  has  been  undertaken,  it  can  be 
seen  that  this  method  may  be  used  as  a  valuable  guide 
in  determining  relative  hydrogen-ion  concentrations.  Since 
the  hydrogen  ion  has  been  found  to  be  the  active  constituent 
in  many  reactions  of  acids  in  aqueous  solution,  it  is  not 
unreasonable  to  conclude  that  this  method  may  have  some 
application  to  the  study  of  the  stability  and  flocculation  of 
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protective  coating  compositions  in  seeking  a  control  and  a 
knowledge  of  the  cause  of  livering  difficulties. 
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A  Combination  Electrochemical  Switchboard1 

W.  Faitoute  Munn 

318  White  St.,  Orange,  N.  J. 


ANEW  compact  electrochemical  switchboard  has  been 
designed  which  is  very  useful  in  a  number  of  fields  of 
work.  It  may  be  used  for  the  deposition  of  metals, 
either  for  the  plating  or  deposition  of  one  metal  or  for  the 
separation  of  two  or  more  elements  by  means  of  voltage  con¬ 
trol.  It  may  be  used  for  pyrometry  measurements  by  em¬ 
ploying  the  millivolt  connections  and  standardizing  the 
thermocouple  used  against  a  known  series  of  temperatures  and 
drawing  a  graph  to  be  used  for  all  future  readings.  It  may  be 
used  for  low-voltage  testing  of  primary  batteries,  ampere 
readings,  either  on  plating  baths  or  on  outside  separate  cir¬ 
cuits,  or  for  millivolt  readings.  This  apparatus  has  been 
thoroughly  tested,  has  been  in  use  for  a  number  of  years, 
and  can  be  relied  upon  to  give  very  satisfactory  results. 

The  apparatus  is  mounted  on  a  piece  of  1/2-inch  (1.3-cm.) 
slate,  2  feet  (60  cm.)  square.  There  are  two  meters — an  am¬ 
meter  having  a  full-scale  deflection  of  10  amperes  and  a  milli¬ 
volt  meter  having  a  full-scale  deflection  of  75  millivolts. 
The  millivolt  meter  is  wired  for  voltmeter  use  by  connecting 
in  series  with  the  millivolt  terminal  connections  a  coil  of  No. 
40  Tarnac,  double  silk-insulated  wire  or  other  low-tempera- 

ture-coefficient  alloy  wire,  the  amount  being  found _ 

by  experiment  and  checked  by  comparing  with 
an  accurate  standard  voltmeter  so  that  the  full- 
scale  deflection  will  give  a  reading  of  7.5  volts. 

This  reading  takes  the  place  of  the  75-millivolt 
reading.  This  resistance  is  shown  in  the  drawing 
as  “V.R.”  A  milliampere  reading  on  the  same 
meter  is  obtained  by  making  up  a  small  shunt 
resistance.  (“M.A.Shunt”  in  the  drawing)  and 
corrected  by  checking  against  a  standard  milli- 
ammeter  so  that  the  full-scale  deflection  will  read 
750  milliamperes.  These  calibrations  should  first 
be  only  roughly  approximated  and  wired  and 
mounted  according  to  the  drawing  and  finally 
corrected  after  all  the  wiring  has  been  completed. 

This  precaution  is  very  necessary  as  the  wires 
used  in  connecting  up  the  board  give  sufficient 
resistance  to  affect  the  calibration  of  the  meters 
very  appreciably  if  such  calibration  took  place 
before  the  connections  on  the  board  were  made. 

All  wiring  should  be  done  with  heavy  copper  in¬ 
sulated  wire,  nothing  smaller  than  No.  14  B.  &  S. 
being  used,  and  all  joints  and  connections  should 
be  carefully  soldered,  using  resin,  and  not  zinc 
salts  or  other  compounds,  for  the  flux. 

There  are  two  resistances — a  high  resistance, 
about  100  ohms,  and  a  low  resistance.  The 
unit  may  be  purchased  at  a 

1  Received  June  1,  1929. 


laboratory  supply  house,  but  the  low  resistance  is  more  diffi¬ 
cult  to  obtain,  so  the  writer  made  one  by  winding  on  a  1- 
inch  (2.5-cm.)  diameter  cardboard  tube  thirty  turns  of  No. 
18  pure  nickel  wire,  alternating  with  string  of  such  diame¬ 
ter  that  it  would  well  support  the  separation  of  wire  and  at 
the  same  time  not  so  great  as  to  extend  above  the  outer  level 
of  the  wire.  This  is  necessary  to  allow  a  perfect  contact  of 
the  sliding  spring  which  is  finally  mounted  above  the  coil. 
These  two  resistances  are  connected  in  series,  the  rough  ap¬ 
proximation  of  the  voltage  and  amperage  desired  being  ob¬ 
tained  by  changing  or  moving  the  slide  on  the  high  resistance 
and  the  final  accurate  adjustment  being  made  by  the  slide  on 
the  low  resistance. 

A  double-pole,  double-throw  switch  is  mounted  on  the 
board  and  contact  buttons  (lower  right-hand  comer)  are 
connected  with  a  number  of  Edison-Lelande  batteries  or 
dry  cells.  The  buttons  should  be  placed  far  enough  apart 
so  that  the  switch  contact  blade  does  not  touch  any  two  con¬ 
secutive  buttons  when  being  moved  around  the  arc.  The 
number  of  buttons  and  also  the  number  of  cells  used  will  de¬ 
pend  upon  the  voltage  required  by  the  user  of  the  apparatus. 


high-resistance 
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If  everything  is  now  completed  and  the  deposition  of 
copper,  for  example,  is  required,  the  platinum  cathode  and 
anode  which  are  suspended  in  the  solution  to  be  electrolyzed 
are  connected  to  the  minus  and  plus  terminals,  respectively, 
shown  in  the  lower  left-hand  corner  of  the  board.  The 
double-pole  switch  is  now  thrown  to  the  right,  thus  showing  a 
volt  reading  across  the  bath  terminals  or  electrodes,  same 
being  indicated  on  the  left-hand  meter.  The  current  will  be 
registered  on  the  right-hand  meter.  If  the  ampere  reading  is 
less  than  0.5  its  accuracy  will  be  doubtful,  so  to  obtain  an 
exact  ampere  reading  the  double-pole  switch  is  thrown  to  the 
left,  whereby  the  left-hand  meter  will  register  the  fraction  of 
an  ampere  in  milliamperes.  The  bath  may  then  be  adjusted 
as  to  current  flow  desired  by  moving  either,  or  both,  of  the 
variable  resistances.  The  voltage  across  the  bath  may  now 
be  found  at  any  time  by  simply  throwing  the  switch  handle  to 


the  right.  If  the  voltage  is  not  correct,  it  may  be  changed  by 
cutting  in,  or  out,  the  number  of  cells  on  hand,  by  means  of' 
the  switch  and  buttons  on  the  lower  right  corner  of  the  board. 

Outside  volt  readings  on  any  low-voltage  circuit  may  be  ob¬ 
tained  on  the  left  meter  by  connecting  the  battery  in  question 
to  the  two  upper  left-hand  terminals  and  throwing  the  handle 
of  the  double  pole  switch  to  the  right.  Outside  ampere 
readings  on  any  circuit  may  be  obtained  on  the  right  meter 
by  connecting  the  battery  circuit  in  series  with  the  two  upper 
right-hand  terminals.  Outside  millivolt  readings  or  pyrome¬ 
ter  readings  may  be  obtained  on  the  left  meter  by  connecting 
the  thermocouple  to  the  two  upper,  central  terminals. 

As  soon  as  the  worker  is  acquainted  with  the  design  of  the 
apparatus  described  above,  he  will  find  it  very  useful  and 
rapid,  and  it  will  save  more  time,  labor,  and  equipment  in  a 
short  time  than  the  entire  cost  of  construction  involves. 


Corrosion  Testing  Apparatus' 

D.  F.  Othmer 


Eastman  Kodak  Co.,  Rochester,  N.  Y. 


THIS  apparatus  was  devised  for  the  testing  of  the  rate  of 
corrosion  of  various  volatile  liquids  on  a  large  number  of 
samples  of  various  metals.  It  was  desired  to  test  the 
materials  with  boiling  acids  of  various  concentrations  and 
with  various  volatile  impurities.  It  was  necessary  to  find  a 
material  with  a  minimum  rate  of  corrosion  throughout  a  wide 
range  of  concentration. 

The  apparatus  consists  of  a  balloon  flask  heated  electrically 
to  boil  the  liquid  and  supply  vapors  to  a  glass  column  packed 
with  beads  or  small  glass  Raschig  rings2  supported  by  a  glass 
bulb  pierced  with  holes  and  resting  on  indentations  in  the  neck 
of  the  column  as  shown.  A  condenser  with  calcium  chloride 
tube  is  superimposed  as  shown.  The  lower  end  of  the  column 
is  drawn  to  a  tip  and  has  two  small  holes  blown  in  the  side 
just  above  this  neck.  V apors  enter  these  lateral  openings  and 
liquid  runs  down  the  tube  wall  and  is  discharged  through  the 
tip  without  priming.  The  lower  end  of  the  condenser  is 
finished  in  the  same  way. 

The  pieces  of  metal  to  be  tested  are  inserted  at  various 
heights  and  are  continually  in  contact  with  the  vapors  as¬ 
cending  and  the  hot  clean  wash  descending  the  column.  If 
a  pure  substance  or  an  azeotropic  mixture,  such  as  nitric  or 
hydrochloric  acid  and  water,  is  boiled  in  the  flask,  the  concen¬ 
tration  of  liquid  throughout  the  column  will  be  constant  and 
samples  at  different  heights  will  have  the  same  wash.  If  a 
mixture  of  other  than  constant  boiling  point  is  boiled  in  the 
flask,  the  concentrations  of  wash  at  different  heights  will  vary, 
but  in  different  columns  of  the  same  length  they  will  be  the 
same  at  the  same  height.  These  concentrations  may  be 
measured  by  sampling  at  liquid  outlet  tubes  at  various  heights 
(not  shown  .on  the  drawing),  but  when  only  a  comparative 
ratio  between  rates  of  corrosion  on  different  metals  is  desired, 
this  is  not  necessary  and  the  samples  are  merely  inserted  at  the 
same  heights. 

Two  of  these  columns  of  the  same  dimensions  were  set  up 
above  boiling  dilute  hydrochloric  acid  of  16.25  per  cent  HC1. 
Identical  samples  of  sheet  nickel  were  inserted  in  each  of  the 
columns  25  cm.  and  125  cm.  from  the  bottom  of  the  packing. 
The  columns  were  packed  to  a  height  of  50  cm.  above  the  top 
of  the  upper  sample  and  surmounted  with  condensers.  A 

1  Received  April  12,  1929. 

2  Available  in  various  sizes  from  the  Technical  Glass  Co.,  Rochester, 
N.  Y. 


wash  of  about  30  cc.  a  minute  was  obtained  in  each  column 
The  test  was  run  for  18  hours,  at  the  end  of  which  time  the 
samples  at  the  bottom  were  found  to  have  lost  0.92  and 
1.09  per  cent,  respectively,  while  those  in  the  middle  lost 


0.011  and  0.007  per  cent,  re¬ 
spectively.  No  analysis  was 
made  of  the  acid  strength  in 
the  column,  but  these  data  and 
the  vapor  composition  curve  of 
hydrochloric  acid  and  water 
( 1 )  indicate  considerable  differ¬ 
ence  in  the  acid  strength  at  the 
two  heights. 

The  advantages  of  this 
method  of  determining  the  rate 
of  solution  are  several: 

(1)  The  pieces  to  be  tested 
are  in  contact  with  saturated 
vapor  and  boiling  liquid  at  all 
times. 

(2)  Metallic  salts  settle  in  the 
pot,  and  the  wash  liquid  is  al¬ 
ways  clean  and  uncontaminated 
with  the  accumulations  of  the 
products  of  corrosion  (as  it  would 
usually  be  in  plant  apparatus). 

(3)  Because  of  these  advan¬ 
tages,  the  rate  of  corrosion  may 
be  studied  under  more  nearly 
reproducible  conditions,  and 
comparative  tests  on  different 
materials  have  a  greater  value 
in  determining  relative  useful¬ 
ness. 
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Mexican  Textile  Industry  Showing  Improvement 

The  depression  in  the  Mexican  textile  industry,  which  prevailed 
throughout  1928,  showed  no  signs  of  abatement  during  the  first 
six  months  of  1929,  but  since  that  time  the  position  of  the  in¬ 
dustry  has  improved  considerably,  according  to  information 
received  in  the  Textile  Division,  Department  of  Commerce. 
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Electrolytic  Board  for  the  Determination  of  Lead1 

With  Comments  on  Procedure  for  Lead  in  Low-Grade  Tailings  of  Southeast 

Missouri  Lead  District 

O.  W.  Holmes  and  D.  P.  Morgan 

Missouri  School  of  Mines  and  Metallurgy  and  U.  S.  Bureau  of  Mines,  Mississippi  Valley  Experiment  Station,  Rolla,  Mo. 


RECENT  improvements  in  the  practice  of  milling  lead 
ores  of  the  southeast  Missouri  lead  mining  district  have 
resulted  in  the  production  of  low-grade  mill  tailings. 
The  tenor  of  the  lead  in  the  tailings  is  often  between  0.05  and 
0.25  per  cent.  In  view  of  the  fact  that  large  tonnages  are 
handled  daily  and  that  further  improvements  are  under  way, 
it  is  imperative  that  the  lead  content  of  these  tailings  be 
accurately  determined.  For  this  purpose  an  electrolytic 
board,  which  speeds  up  the  electrolytic  determination  of  lead 

1  Received  June  7,  1929.  This  paper  represents  work  done  under  a 
cooperative  agreement  between  the  U.  S.  Bureau  of  Mines  and  the  Missouri 
School  of  Mines  and  Metallurgy.  Published  by  permission  of  the  Director, 
U.  S.  Bureau  of  Mines.  (Not  subject  to  copyright.) 


in  low-grade  mill  tailings,  has  been  devised  at  the  Mississippi 
Valley  Experiment  Station  of  the  United  States  Bureau  of 
Mines,  in  cooperation  with  the  Missouri  School  of  Mines  and 
Metallurgy,  as  a  result  of  several  years’  work  in  cooperation 
with  large  lead-mining  companies. 

Apparatus 

The  apparatus  is  a  modification  of  the  Guess-Haultain 
cabinet,  and  is  so  arranged  that  24  leads,  or  24  coppers,  or 
12  leads  and  12  coppers  may  be  run  simultaneously.  The 
cabinet  is  shown  in  detail  in  the  figure.  It  has  two  rows  of 
12  cells  each,  one  above  the  other,  and  any  cell  may  be  re¬ 
moved  from  the  circuit  without 
disturbing  the  others.  Sta¬ 
tionary  anodes  and  cathodes 
are  used.  The  anode  is  made 
of  sand-blasted  corrugated 
sheet  platinum,  and  its  dimen¬ 
sions  are  6  by  3  cm.  Each  cell 
contains  two  platinum-foil 
cathodes,  8.4  by  0.3  cm.  The 
electrode  holders  are  made  of 
aluminum,  and  extend  horizon¬ 
tally  from  the  surface  of  the 
cabinet.  When  the  electrodes 
are  in  place,  a  150-ml.  beaker 
of  regular  form  with  lip,  con¬ 
taining  the  electrolyte,  may  be 
put  in  place  and  the  movable 
beaker-rest  pulled  out. 

When  it  is  desired  to  remove 
an  anode  while  a  series  of  de¬ 
terminations  is  being  made,  the 
removal  is  accomplished  in 
the  following  manner:  The 
beaker  support  is  slipped  back 
into  the  cabinet,  the  knife 
switch  corresponding  to  the  cell 
is  closed,  and, 'simultaneously, 
the  beaker  containing  the  elec¬ 
trolyte  is  lowered  and  removed. 
The  anode  may  then  be  re¬ 
moved  and  treated  in  the  usual 
manner. 

The  cabinet  contains,  as  an 
integral  part,  a  recording  am¬ 
meter  of  0  to  5  amperes  ca¬ 
pacity  for  overnight  determina¬ 
tions  of  copper.  Another  small 
ammeter  with  a  range  of  0  to 
6  amperes  is  incorporated  in  the 
apparatus  for  lead  work. 

By  means  of  conveniently 
arranged  switches  a  line  current 
of  220  volts,  d.  c.,  may  be 
thrown  into  any  series  of  cells 
and  the  amperage  recorded 
on  the  desired  ammeter.  The 
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amperage  may  be  adjusted  by  means  of  a  variable  resistance, 
using  either  a  rheostat  or  a  bank  of  carbon  lamps. 

The  aluminum  electrode  holders  were  originally  7.3  by 
0.97  cm.  at  the  base,  tapering  to  0.64  cm.  at  the  end.  These 
were  cast  in  a  carbon  block  mold,  and  later  the  base  was 
machined  to  0.64  cm.  The  electrode  holders  are  riveted  to 
aluminum  plates  for  connection  at  the  back  of  the  cabinet 


-002.  Pt 
Fo't - 


Detail  ci  Electrode  Holder 


face.  They  were  cut  lengthwise  through  the  middle  to  a 
depth  of  4.1  cm.  and  then  cut  from  the  side  until  one  of  the 
pieces  fell  away.  When  in  service  the  pieces  are  held  together 
by  gum  rubber  tubing  slipped  over  them;  they  make  a  clamp 
that  holds  the  electrodes  firmly  when  inserted  in  the  slit. 
The  wires  are  protected  from  fumes  by  placing  them  behind 
the  cabinet  face. 

The  apparatus  is  a  modification  of  those  used  in  the  south¬ 
east  Missouri  lead  belt.  It  incorporates  new  ideas  and  details, 
which  simplify  the  manipulation. 

Method 

In  this  method  it  is  convenient  to  weigh  one  or  more  “factor 
weights”  of  the  sample,  depending  upon  the  lead  content. 
When  the  lead  content  of  the  sample  does  not  exceed  2  per 
cent,  two  or  more  factor  weights  are  used;  when  it  is  from  2 
to  7  per  cent,  one  factor  weight  is  used.  If  the  sample  con¬ 
tains  over  7  per  cent  lead,  the  molybdate  method  is  recom¬ 
mended.  The  theoretical  factor  used  for  converting  lead 
dioxide  to  lead  is  0.866. 

Weigh  the  desired  amount  of  sample  into  a  150-ml.  beaker. 
Add  25  ml.  of  nitric  acid  (sp.  gr.  1.42),  and  heat  until  the 
evolution  of  brown  fumes  has  ceased.  Wash  down  the  sides 
of  the  beaker  with  water  and  add  15  to  20  ml.  of  a  solution  of 
ammonium  nitrate,  made  by  dissolving  454  grams  of  the 
chemically  pure  salt  in  2  liters  of  distilled  water.  Dilute  the 
electrolyte  to  about  145  ml.  Electrolyze  for  2  hours  at  a 
temperature  of  70°  to  80°  C.,  with  a  current  density  of  2 
amperes  and  a  potential  of  3.5  volts. 

General  Discussion 

When  interfering  elements  are  absent,  electrolysis  may  ex¬ 
tend  overnight  at  0.2  ampere. 

When  the  lead  content  of  the  electrolyte  is  less  than  0.010 
gram,  25  ml.  of  a  solution  of  lead  nitrate,  containing  the 
equivalent  of  0.0048  gram  of  lead  dioxide  per  milliliter, 
should  be  added  before  electrolysis,  in  order  to  increase  the 
lead  content  to  the  point  where  maximum  deposition  is  ob¬ 
tainable.  Experiment  has  shown  that  the  results  are  more 
satisfactory  when  the  electrolyte  contains  the  equivalent  of 
0.012  to  0.080  gram  of  lead  dioxide. 

Precautions 

This  method  cannot  be  used  with  a  high  degree  of  accuracy 
when  the  electrolyte  contains  more  than  0.03  gram  of  man¬ 
ganese.  The  quantity  of  manganese  may  be  regulated  by 


reducing  the  size  of  the  sample.  The  detrimental  effect 
of  manganese  will  then  be  overcome  by  the  presence  of  the 
given  amount  of  free  nitric  acid  in  the  electrolyte.  In  no 
case  should  the  concentration  of  free  nitric  acid  in  the  electro¬ 
lyte  exceed  15  per  cent  by  volume.  The  presence  of  manga¬ 
nese  in  a  sample  prevents  electrolysis  at  low  current  density  for 
a  long  period  of  time.  The  manganese  would  deposit  with 
the  lead. 

Copper,  iron,  and  zinc  do  not  interfere  with  the  deposition 
of  lead.  Antimony  and  bismuth,  when 
present,  would  probably  have  to  be  com¬ 
bated  in  the  same  manner  as  manganese 
— that  is,  by  reducing  the  size  of  the 
sample  taken  for  analysis;  no  recent  ex¬ 
perience  has  been  encountered  with 
antimony  and  bismuth.  Arsenic  must 
be  removed  before  electrolysis. 

The  acidity  of  the  electrolyte  has  a 
HjiyV'  very  important  effect  upon  the  deposi- 

Pr  4noce  Pt  Cathode  tion  of  the  lead  dioxide.  Experience 

has  shown  that  15  per  cent  by  volume 
of  nitric  acid  (sp.  gr.  1.42)  is  necessary  for  the  best  results. 
Erratic  results  are  obtained  when  the  acid  concentration  varies 
far  from  this  value. 

Before  electrolysis  the  anodes  are  cleaned  by  immersion  in 
a  dilute  solution  of  nitric  and  oxalic  acids.  They  are  then 
brushed  with  a  earner s-hair  brush,  rinsed  with  distilled  water, 
ignited  to  constant  weight  in  the  flame  of  a  Fisher  burner, 
cooled  in  a  desiccator,  and  weighed. 

After  electrolysis  is  complete,  the  anode  is  detached  and 
immediately  immersed  in  a  beaker  of  distilled  water.  It  is 
dipped  consecutively  into  two  beakers  containing  ethyl  al¬ 
cohol.  The  anode  is  removed  from  the  beaker  and  the  alcohol 
burned  off,  keeping  the  anode  in  motion  to  prevent  the  altera¬ 
tion  of  the  deposit.  The  anode  is  then  cooled  in  a  desiccator 
and  weighed. 


Electrolytic  Board 


Accuracy 


It  has  been  found  that  this  method  of  electrolytic  re¬ 
covery  of  the  lead  in  mill  tailings  is  the  best  for  mill  practice 
when  the  time  element  is  standardized;  but  research  has  to 
be  done  to  determine  its  absolute  accuracy.  Because  of  the 
simplified  procedure  and  the  small  number  of  steps  necessary 
the  electrolytic  method  is  much  to  be  desired  over  others.  In 
fact,  it  is  possible  to  accomplish  more  determinations  with  a 
high  degree  of  accuracy  in  less  time  than  when  any  other 
method  is  employed. 

It  is  desirable  to  keep  the  following  points  in  mind  in  order 
that  the  highest  degree  of  accuracy  may  be  obtained: 
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(1)  The  size  of  the  sample  taken  depends  not  only  on  the  lead 
content  of  the  ore  but  on  the  manganese,  antimony  or  bismuth 
content  as  well. 

(2)  Maximum  recovery  is  not  possible  when  the  lead  content 
of  the  solution  is  below  0.012  gram  PbC>2. 

(3)  Low  results  are  obtained  when  the  solution  contains 
more  than  0.070  gram  of  lead,  because  the  deposit  flakes  off. 

(4)  Manganese  is  deposited  very  readily  from  solutions  when 
a  low  current  density  is  employed. 

(5)  Practically  complete  deposition  of  lead  from  pure  solu¬ 
tions  is  obtained  by  using  low  current  densities  for  long  periods 
of  time. 

(6)  Current  densities  of  2  to  3  amperes  for  2  hours  is  sufficient 
for  low-grade  materials;  electrolysis  for  2  hours  is  a  good  stand¬ 
ard. 

(7)  The  electrodes  should  be  sand-blasted  occasionally  to 
facilitate  the  adherence  of  the  deposit. 

A  number  of  mill-tailing  samples  were  analyzed  by  this 
method  by  two  different  laboratories  and  the  results  shown  in 
the  table  were  obtained: 

Copper 

The  apparatus  as  given  for  lead  determinations  is  also 
adapted  to,  and  suitable  for,  the  determination  of  copper. 
The  method  employed  is  the  standard  procedure  for  electro¬ 
lytic  copper.  The  apparatus  is  not  the  type  generally  em¬ 


ployed  for  such  work,  but  highly  accurate  results  are  obtain¬ 
able  by  overnight  deposition. 


Sample 

Lab.  1 

Lab.  2 

Diff. 

Sample 

Lab.  1 

Lab.  2 

Diff. 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

1 

0.08 

0.075 

0.005 

8 

0.30 

0.31 

0.010 

2 

0.10 

0.095 

0,005 

9 

0.30 

0.29 

0.010 

3 

0.10 

0.098 

0.002 

10 

0.09 

0.08 

0.010 

4 

0.70 

0.700 

11 

0.04 

0.05 

0.010 

5 

0.52 

0.52 

12 

0.045 

0.06 

0.015 

6 

0.44 

0.45 

o’.oio 

13 

0.04 

0.05 

0.010 

7 

0.40 

0.39 

0.010 

Cost  and  Upkeep 

The  first  cost  of  such  an  apparatus  is  high,  but  thereafter 
the  main  expense  is  for  the  current  consumed  in  operation. 
It  needs  little  care  and  will  last  indefinitely. 
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Laboratory  Rectifying  Columns  with  Non-Siphoning 

Bubbling-Cap  Plates' 

Johannes  H.  Brunn2 

Bureau  of  Standards,  Washington,  D.  C. 


IN  ORDER  to  obtain,  in  the  laboratory,  an  efficient  frac¬ 
tional  distillation  of  a  complex  mixture  such  as  petroleum, 
it  is  desirable  to  carry  out  the  distillation  at  a  low  speed, 
using  a  high  reflux  ratio,  and  with  intermittent  additions  of 
liquid  to  the  still  pot.  If  ultimate  separation  of  the  com¬ 
pounds  is  intended,  it  is  furthermore  advisable  to  start  with 
large  quantities  of  material.  For  these  reasons  the  distilla¬ 
tion  usually  extends  over  a  comparatively  long  period  of  time 
and  the  need  of  a  still  with  the  following  properties  is  ap¬ 
parent. 

It  should  be  possible  to  shut  down  the  still  without  allowing 
the  liquid  on  the  plates  of  the  column  to  drain  back  into  the 
still  pot  on  cooling,  as  thereby  fractions  that  are  already  sepa¬ 
rated  would  be  allowed  to  mix  again.  The  intermittent  ad¬ 
dition  of  cold  liquid  to  the  still  pot  during  a  distillation 
should  not  tend  to  start  siphoning  of  liquid  down  the  column 
owing  to  the  sudden  decrease  in  temperature  of  the  still  pot. 
In  continuous  industrial  stills  this  is  prevented  by  preheating 
and  carefully  adding  the  liquid  to  the  still  pot  at  a  continuous, 
uniform  rate.  Preheating  is  often  undesirable  for  laboratory 
separations,  however,  and  for  the  higher  petroleum  fractions 
it  would  increase  the  possibilities  of  cracking.  For  these 

1  Received  March  8,  1929.  Publication  approved  by  the  Director 
of  the  Bureau  of  Standards  of  the  U.  S.  Department  of  Commerce.  This 
paper  describes  rectifying  columns  which  have  been  developed  in  connection 
with  an  investigation  on  “The  Separation,  Identification,  and  Determination 
of  the  Chemical  Constituents  of  Commercial  Petroleum  Fractions,”  listed 
as  Project  No.  6  of  the  American  Petroleum  Institute.  Financial  assistance 
in  this  work  has  been  received  from  a  research  fund  of  the  American  Pe¬ 
troleum  Institute  donated  by  John  D.  Rockefeller.  This  fund  is  being 
administered  by  the  Institute  with  the  cooperation  of  the  Central  Petroleum 
Committee  of  the  National  Research  Council. 

2  American  Petroleum  Institute  research  associate  at  the  U.  S.  Bureau 
of  Standards. 


reasons  rectifying  columns  with  non-siphoning  bubbling-cap 
plates  have  been  developed  and  are  shown  in  the  accom¬ 
panying  figures. 

In  Figure  1  the  ascending  vapor  normally  follows  the  path 
of  the  arrows,  passing  up  through  the  “vapor-riser”  in  the 


center  of  the  plate,  then  down  along  the  inside  wall  of  the 
bubbling  cap.  Near  the  bottom  of  the  cap  the  vapor  is 
forced  out  through  a  series  of  small  holes.  The  liquid  is 
thoroughly  agitated  by  the  stream  of  fine  bubbles  passing 
through  it.  When  condensed  liquid  fills  the  plate  above  a 
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certain  level,  it  overflows  through  B.  In  order  to  maintain 
an  even  distribution  of  the  vapor  through  the  holes  in  the 
bubbling  cap,  this  must  be  coaxial  with  the  vapor  inlet  tube. 
A  simple  method  of  accomplishing  this  is  to  ream  the  bottom 
of  the  bubbling  cap  to  fit  the  tapered  portion  of  the  vapor 
inlet  tube  (or  a  loose  tapered  ring)  as  shown  in  Figure  1. 

The  siphoning  of  liquid  through  A  is  prevented  by  making 
the  height  of  the  bubbling  cap  such  that  the  vapor  inlet  tube 
extends  above  the  level  of  the  liquid  on  the  plate  by  an  amount 

somewhat  greater  than  the  depth 
of  the  liquid  seal  on  the  plate  be¬ 
low.  In  Figure  1  Hi  is  made  con¬ 
siderably  larger  than  H2.  This 
provides  a  path  for  the  vapor  to 
pass  downward  in  the  column 
through  B  whenever  the  tendency 
to  siphon  occurs.  Hence  in  a 
column  of  this  type  the  plates  will 
always  remain  completely  filled 
with  liquid. 

The  design  shown  in  Figure  2  is 
based  upon  the  same  principle  as 
that  in  Figure  1,  the  difference  be¬ 
ing  the  fact  that  the  liquid  seal  is 
kept  separated  from  the  plate  be¬ 
low.  Whenever  vapor  passes 
downward  through  the  seal,  a 
small  amount  of  liquid  is  removed  from  the  seal.  The  dimen¬ 
sions  must  therefore  be  properly  adjusted  so  that,  after  this 
loss,  the  amount  of  liquid  remaining  is  large  enough  to  prevent 
any  vapor  from  passing  upward  through  B. 

Figure  3  shows  a  combined  reflux  drain  and  bubbling-cap 
plate  which  is  non-siphoning.  This  design  differs  from  those 
of  Figures  1  and  2  in  that,  when  the  tendency  to  siphon  occurs, 
the  vapor  passes  downward,  not  through  the  liquid  seal,  but 
through  the  bubbling  cap  itself.  This  has  been  accomplished 
by  making  the  capacity  of  A  larger  than  the  volume  of  all  the 
liquid  on  the  corresponding  plate  when  in  operation.  The 
liquid  on  the  plate  will  at  first  be  sucked  into  the  large  bub¬ 
bling-cap,  A,  which  will  be  only  partly  filled.  The  vapor 
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Figure  5 


Figure  6 


can  then  bubble  backward  through  this  liquid  without  empty¬ 
ing  the  plate. 

A  plate  column  of  this  particular  design  has  not  been  built, 
but  it  should  work  satisfactorily  for  laboratory  separations 
in  which  a  relatively  low  rate  of  distillation  is  employed.  If 
high  rates  of  distillation  were  employed,  the  space  within 
which  the  bubbles  rise  through  the  liquid  might  have  to  be 
increased. 

A  twenty-plate  rectifying  column  of  the  type  described  in 
Figure  1  has  been  built  and  found  to  work  very  satisfactorily. 
In  order  to  test  the  heating  system  and  auxiliary  apparatus 
of  this  still,  it  was  charged  with  a  mix¬ 
ture  of  2  liters  of  chloroform  and  4  liters 
of  benzene,  and  a  distillation  was  car¬ 
ried  out.  The  results  of  this  run  are 
shown  in  Figures  4  and  5.  Figure  4 
shows  the  temperature-volume  curve  for 
the  distillation  and  Figure  5  shows  the 
composition  of  the  distillate  in  mol  per 
cent  plotted  against  the  volume  of  each 
fraction.  About  1500  cc.  of  the  chloro¬ 
form  came  over  at  a  concentration  of 
about  98  mol  per  cent.  As  indicated 
by  the  dotted  line  in  Figure  5,  the  dis¬ 
tillation  was  discontinued  when  2500  cc. 
of  distillate  were  obtained. 

Figure  6  shows  a  non-siphoning  bub¬ 
bling-cap  column  that  has  been  de¬ 
veloped  for  rectifying  stills  constructed 
of  glass.  Its  operation  is  based  on  the 
same  principle  as  the  metal  still  shown  in  Figure  2.  A 
column  consisting  of  two  plates  of  this  design  has  been  made 
with  an  outside  diameter  of  35  mm.  and  found  to  work  satis¬ 
factorily.  For  columns  of  smaller  diameters,  however,  this 
type  has  the  disadvantage  that  the  return  of  liquid  through 
B  does  not  take  place  so  readily  as  it  should  and  the  column 
tends  to  “flood”  except  when  low  rates  of  distillation  are 
employed.  It  is  evident  that  the  dimensions  of  the  drain 
tube  B  and  the  cup  below  are  limited  by  the  same  relations  as 
described  in  connection  with  Figure  2. 

A  glass  rectifying  column  that  is  entirely  free  from  the  ob¬ 
jections  mentioned  above  is  shown  in  Figure  7.  This  type 
is  also  simpler  to  make,  as  the  “vapor-riser” 
is  simply  flanged  at  one  end  and  then  sealed 
directly  into  the  column.  The  bubbling 
cap  is  loose  and  is  provided  with  six  narrow 
slits  for  the  purpose  of  breaking  up  the 
bubbles.  The  reflux  drain,  B,  is  located 
outside  the  column  and  can  be  made  large 
enough  to  take  care  of  practically  any  rate 
of  reflux  which  may  be  desired.  The  diame¬ 
ter  of  a  column  of  this  type  is  not  subject 
to  any  limitation  as  to  size,  and  the  column 
should  therefore  work  satisfactorily  even 
with  a  “hold  up”  of  only  a  few  tenths  of  a 
cubic  centimeter,  or  less,  per  plate.  A 
rectifying  still  adapted  to  vacuum  distilla¬ 
tion  and  consisting  of  ten  plates  of  the  type 
shown  in  Figure  7  has  been  made  and  found 
to  function  satisfactorily. 

In  a  test  distillation  at  atmospheric  pres¬ 
sure  of  a  mixture  of  50  mol  per  cgnt  chloro¬ 
form  +  50  mol  per  cent  benzene,  all  but 
the  last  50  cc.  of  the  chloroform  distilled  over  as  99  mol 
per  cent.  Using  the  same  mixture  and  the  same  rate  of  dis¬ 
tillation  in  a  “jack-chain”  column  of  the  same  length,  the  best 
efficiency  obtained  at  any  time  was  chloroform  at  94  mol 
per  cent. 
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Comparison  of  the  Dilution  and  Absorption  Methods 
for  the  Determination  of  Biochemical 

Oxygen  Demand1 

G.  E.  Symons  with  A.  M.  Buswell 

State  Water  Survey,  Urbana,  III. 


THE  dilution  method  for  the  determination  of  bio¬ 
chemical  oxygen  demand  is  most  widely  used  at  present 
though  other  methods  have  been  proposed  by  various 
workers  since  the  test  was  introduced.  One  of  these  methods 
is  that  first  suggested  by  Adeney  ( 1 )  in  1908,  known  as  the 
aeration  or  direct  absorption  method.  Sierp  (7)  recently  re¬ 
vived  the  method  and  suggested  it  “to  reduce  the  cum¬ 
bersomeness  of  the  dilution  method  and  afford  quick,  direct, 
and  frequent  readings.”  Adeney  incubated  a  known  volume 
of  sewage  with  a  known  volume  of  air  and  followed  the  oxygen 
depletion  gasometrically.  Magnesium  hydroxide  was  added 
to  fix  the  carbon  dioxide.  Several  forms  of  apparatus  ap¬ 
peared  subsequently,  the  simplest  a  partly  filled  bottle  im¬ 
mersed  in  water  to  prevent  re-aeration  and  the  more  complex 
forms  consisting  of  mechanical  shaking  apparatus  to  allow  for 


Procedure 

An  apparatus  built  according  to  Sierp’s  diagram  was  used 
for  the  comparison  of  the  two  methods  and  essentially  his 
procedure  was  followed,  except  in  the  following  details: 

(1)  The  concentration  of  the  potassium  hydroxide  used  in 
the  leveling  bulb  was  a  10  per  cent  solution  saturated  with 
sodium  chloride. 

(2)  Four  hundred  milliliters  of  sample  were  measured  in¬ 
stead  of  weighed  because  it  was  found  to  be  simpler  and  the 
error  involved  is  well  within  experimental  error. 

(3)  The  dilution  water  used  in  the  dilution  method  was  that 
recommended  by  Greenfield,  Elder,  and  McMurray  (4). 

(4)  The  apparatus  was  shaken  vigorously  once  each  day  and 
allowed  to  stand  30  minutes  before  a  reading  was  taken. 

(5)  Incubation  was  at  20°  C. 

(6)  The  oxygen  demand  was  calculated  by  the  formula: 

P.  p.  m.  =  0.004379  X  R  X  P 
=  reading  in  cubic  centimeters 

-  barometric  pressure,  in  millimeters 

-  f“‘»  (S  x  25  x  1 429  x  m) 

=  weight  in  milligrams  of  1  cc.  of  oxygen  at  0°  C. 

-  factor  to  calculate  400  cc.  to  1  liter 

=  factor  to  reduce  temperature  to  0°  C. 

-  factor  to  reduce  pressure  to  standard  conditions 

Two  experiments  were  made  comparing  the  direct  method 
with  0.5,  1,  and  2  per  cent  dilutions  of  raw  sewage.  Biochemi¬ 
cal  oxygen  demand  tests  by  the  dilution  method  were  made 
according  to  standard  methods  (£). 


where  R 
P 

0.004379 

1.429 

2.5 

273 

293 

1 

760 


Figure  1 — Oxygen  Demand  of  Sewage  by  Dilution  and  Absorption 

Methods 


Discussion 


continuous  agitation.  Under  the  latter  conditions  the  first 
stage  of  oxidation  was  completed  in  from  10  to  14  days  instead 
of  20  to  28  days  as  found  by  other  methods.  Besides  Adeney, 
who  concluded  that  while  the  aeration  method  was  accurate 
it  was  not  suitable  for  routine  work,  Rideal  and  Burgess  (5) 
found  the  existing  apparatus  unsatisfactory  due  to  leakage, 
and  Sand  and  Troutman  (6)  believed  that  the  amount  of 
agitation  given  a  sample  is  an  important  factor  in  the  de¬ 
termination  that  should  not  be  overlooked.  They  also  found 
the  apparatus  poor  and  unsuccessful.  Calvert  (3)  states  that 
comparative  tests  show  that  the  method  yields  divergent  re¬ 
sults. 

Sierp’s  curves  do  not  show  a  nitrification  period,  probably 
because  distilled  water  was  used  for  dilution  purposes.  This 
explanation  cannot  be  used,  however,  in  regard  to  the  direct 
absorption  curve. 

Despite  the  reported  difficulties  and  apparent  divergent 
results,  the  apparatus  and  method  appeared  to  have  possi¬ 
bilities  of  application  to  the  study  of  the  oxygen  demand  of 
pure  substances  which  is  being  carried  on  in  this  laboratory. 

1  Presented  before  the  Division  of  Water,  Sewage,  and  Sanitation 
Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society,  Colum¬ 
bus,  Ohio,  April  29  to  May  3,  1929. 


The  experiments  show  little  difference  in  the  results  as  ob¬ 
tained  by  the  two  methods.  The  data  of  the  first  experiment 
are  listed  in  Table  I.  The  data  of  the  second  experiment  are 
plotted  in  Figure  1. 


Table  I — Biochemical  Oxygen  Demand  of  Sewage  by  the  Direct 
Absorption  and  Dilution  Methods 


Time 

Direct 

Method 

Dilution  Method 

5%  dilution 

1  %  dilution 

2%  dilution 

Days 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

P.  p.  m. 

0 

21 

0 

0 

0 

1 

78 

70 

56 

78 

2 

3 

4 

171 

i23 

ito 

i82 

5 

186 

184 

195 

202 

6 

222 

7 

272 

269 

M5 

227 

8 

298 

9 

318 

10 

350 

430 

265 

287 

11 

365 

12 

365 

476 

395 

363 

13 

365 

14 

381 

15 

389 

492 

445 

390 

16 

390 

17 

403 

524 

465 

18 

410 

19 

431 

20 

438 

560 

5io 
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In  the  first  experiment  the  B.  0.  D.  as  obtained  by  the  di¬ 
lution  method  is  somewhat  higher,  while  in  the  second  experi¬ 
ment  the  reverse  is  true  but  to  a  lesser  degree.  The  trend 
of  the  curves  is  the  same  up  to  the  point  of  second-stage  oxi¬ 
dation  where  apparently  the  reactions  do  not  follow  the  same 
course.  (Table  I,  and  1  and  2  per  cent  dilution  curves  in  Fig¬ 
ure  1.)  The  two  methods  agree,  however,  as  well  as  do  the 
three  dilutions  in  the  dilution  method.  All  the  points  ob¬ 
tained  by  the  direct  method  do  not  lie  exactly  on  the  curve. 
There  appears  to  be  a  slight  rest  period  between  the  fifth  and 
eighth  day.  These  points  off  the  curve  might  be  due,  as  Sand 
and  Troutman  point  out,  to  the  amount  of  agitation  given  the 
sample.  However,  the  extremely  anomalous  results  fre¬ 
quently  obtained  by  the  dilution  method  are  absent  in  the 
direct  process. 

The  buffered  dilution  water  effects  the  same  condition  as 
the  removal  of  carbon  dioxide  in  the  direct  method,  since  the 
pH  would  not  change.  Thus  the  course  of  the  reactions  is 
probably  similar  so  that  the  final  results  are  approximately 
the  same.  The  second  or  nitrification  stage  occurred  after 
the  thirteenth  day  by  both  methods  in  one  experiment  and 
after  the  tenth  day  in  the  other. 

The  condition  of  decreasing  oxygen  concentration  which 
frequently  hampers  the  dilution  method  is  absent  in  the  direct 
method.  On  the  contrary,  there  is  an  increase  in  concentra¬ 
tion  of  oxygen  in  the  sample.  Apparently  this  has  little  effect 
on  the  biological  processes.  That  oxidation  was  not  complete 
in  20  days  is  shown  by  the  fact  that  the  liquid  contained  only 
30  p.  p.  m.  of  oxygen  at  the  twentieth  day,  when  according  to 
Henry’s  law  of  solubilities  it  should  have  contained  about  40 


p.  p.  m.  if  the  gas  above  was  pure  oxygen,  which  it  was  shown  to 
be  by  analysis. 

Conclusions 

The  direct  process  does  away  with  the  large  number  of  sub¬ 
samples  necessary  in  the  dilution  method.  The  condition  of 
decreasing  oxygen  concentration  is  absent.  Anomalous  re¬ 
sults  are  not  obtained  by  the  two  methods,  when  a  buffered 
dilution  water  is  used  in  the  latter.  Daily  direct  readings  are 
easily  obtainable  but  hourly  changes  are  not  noticeable.  Both 
methods  show  two-stage  oxidation.  The  amount  of  agita¬ 
tion  given  the  direct-process  apparatus  apparently  causes 
some  slight  variation  in  readings.  The  direct  process  has 
the  advantage  over  the  dilution  method  in  the  matter  of  time 
and  technic  necessary  to  obtain  the  data.  Care  must  be 
taken  to  keep  the  apparatus  at  constant  temperature  when 
readings  are  taken. 

It  is  suggested  that  the  direct  process  can  conveniently  and 
profitably  be  used  in  the  study  of  pure  substances,  sewage 
sludge,  and  trade  wastes  where  high  dilutions  necessary  in  the 
dilution  method  introduce  large  error. 
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Stabilized  Starch  Indicator' 

M.  Starr  Nichols 

Water  and  Sewage  Division,  State  Laboratory  of  Hygiene,  Madison,  Wis. 


IN  THE  determination  of  dissolved  oxygen  in  waters  by 
the  Winkler  method  a  sensitive  stable  starch  solution  is 
one  of  the  first  prerequisites. 

Soluble  starch  is  used  by  many  wrorkers,  but  in  the  writer’s 
experience  the  color  produced  by  iodine  varies  from  the  true 
blue  color  to  that  of  violet.  Invariably  when  the  violet 
color  obtains  the  sensitiveness  is  somewhat  reduced. 

A  good  commercial  grade  of  potato  starch  has  fulfilled 
the  requirements  as  far  as  sensitivity  and  color  are  concerned, 
but  there  still  remains  the  lack  of  stability.  Bacteria,  yeasts, 
and  fungi  thrive  in  the  prepared  solution.  The  Standard 
Methods  of  the  American  Public  Health  Association  (1925) 
prescribe  the  following  procedure  for  the  preparation  of  this 
reagent: 

Mix  a  small  amount  of  clean  starch  with  cold  water  to  form 
a  thin  paste  and  stir  the  mixture  into  150  to  200  times  its  weight 
of  boiling  water.  Boil  a  few  minutes,  then  sterilize.  It  may 
be  preserved  by  adding  a  few  drops  of  chloroform. 

This  method  makes  a  satisfactory  starch  reagent,  but  unless 
one  adds  the  chloroform  and  maintains  an  excess  in  the 
bottom  of  the  bottle  the  reagent  will  spoil ;  moreover,  there  is 
a  tendency  toward  separation  of  the  colloid. 

Recently  there  has  come  into  limited  use  a  starch  solution 
made  in  accordance  with  the  above  method  and  preserved 
by  the  addition  of  common  salt  to  nearly  saturation. 
Growths  will  not  take  place  in  the  reagent,  but  the  salt  seems 
to  cause  precipitation  of  the  colloid.  In  this  semi-precipitated 

1  Received  April  25,  1929. 


state  the  sensitivity  is  lowered  somewhat  because  of  the 
slow  reactivity  of  the  flocculated  colloid.  Salicylic  acid  has 
been  used  for  the  preservation  of  foods  of  various  kinds  and 
a  simple  trial  proved  that  it  would  serve  as  a  preservative 
for  this  solution.  The  starch  indicator  reagent  is  prepared 
as  follows: 

To  50  grams  of  potato  starch  add  about  250  cc.  of  cold  water 
and  mix  to  form  a  thin  paste;  then  pour  it  gradually  with  con¬ 
stant  stirring  into  20  liters  of  boiling  tap  or  distilled  water. 
Boil  for  15  minutes  with  constant  stirring.  Allow  to  cool  some¬ 
what  and  add  25  grams  of  salicylic  acid.  Stir  until  the  pre¬ 
servative  is  dissolved.  The  colloid  remains  in  dispersion  well; 
the  reagent  keeps  nearly  indefinitely  even  though  exposed  to 
air,  and  is  very  sensitive. 

As  this  reagent  is  made  only  about  one-ha.if  as  strong  as 
the  solution  recommended  in  Standard  Methods,  the  writer 
has  found  it  advantageous  to  use  about  2  cc.  for  a  200-cc. 
volume  titration. 

Treadwell  and  Hall  (I)  have  pointed  out  that  starch  paste 
requires  the  presence  of  an  alkali  iodide  to  suppress  the  disso¬ 
ciation  of  the  blue  iodide-starch  color ;  they  showed  (2)  the  effect 
of  this  added  iodide  on  the  sensitivity.  They  showed  that  it 
required  four  and  one-half  times  as  much  N/ 1 00  iodine  to 
produce  the  first  permanent  blue  color  in  200  cc.  of  distilled 
water  as  is  required  if  1  gram  of  potassium  iodide  is  added 
to  the  water  before  the  iodine  is  introduced. 

The  accompanying  table  gives  the  sensitivity  of  the  stabi¬ 
lized  starch  solution  2  months  old. 
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Sensitivity  of  Starch  Reagent 


Depressant  Salt 

A7/800  Iodine  to 
First  Permanent 

Water 

Used 

Blue  Color 

Cc. 

Grams 

Cc. 

200“ 

KI  0.40 

0.4 

200 

KI  1.0 

0.4 

200 

KI  5.0 

0.2 

200 

NaCl  0.5 

1.9 

200 

NaCl  1.0 

1.8 

200 

NaCl  5.0 

1.6 

200 

KBr  5.0 

3.2 

200 

No  salt  present 

3.6 

►.25  cc.  of  coned, 
in  the  Winkler 

HjSO'  added,  which  is 
titration. 

approximately  the  amount 

It  will  be  noted  that  if  the  amount  of  potassium  iodide 
present  equals  that  present  in  the  Winkler  titration,  only 
0.02  cc.  of  a  iV/40  iodine  solution  would  be  required  to  pro¬ 
duce  the  first  permanent  blue  color  or  an  equal  quantity  of 
iV/40  thiosulfate  solution  to  discharge  the  last  trace  of  blue 
color.  This  is  easily  within  the  limits  of  experimental  error. 
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An  Analysis  of  a  Peat  Profile  ’ 

Reinhardt  Thiessen  and  R.  C.  Johnson1 2 3 

Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 


Since  coal  was  formed  in  a  similar  manner  as  peat  is 
being  formed  today  and  at  one  time  was  in  the  peat  stage, 
a  better  knowledge  of  the  nature  and  chemistry  of  peat 
should  add  to  a  better  knowledge  of  the  nature  and  chem¬ 
istry  of  coal. 

Peat  formation  is  largely  a  microbiological  problem, 
and  may  be  considered  under  three  phases:  in  the  air, 
partly  submerged,  and  completely  submerged.  All  classes 
of  plants  and  every  plant  product  must  be  considered. 
The  microbiological  reactions  in  the  first  phase  are  aerobic ; 
and  fungi,  actinomyces,  bacteria,  burrowing  insects, 
Crustacea,  and  other  lower  forms  of  life  are  instrumental 
in  reducing  the  plant  substances  into  a  more  or  less  de¬ 
cayed  and  macerated  state.  The  second  stage  is  transi¬ 
tional  and  only  bacteria  and  some  actinomyces  remain 
active.  In  this  shallow  zone  much  living  plant  matter, 
mostly  lignin  and  cellulose,  in  the  form  of  roots,  is  added. 
In  the  third  and  permanent  stage  anaerobic  bacteria 
only  function.  It  has  been  demonstrated  that  bacteria 
exist  and  are  active  at  all  depths. 

Theoretically,  therefore,  changes  should  occur  in  a 
peat  deposit  after  its  deposition.  To  answer  this,  analyses 
of  samples  from  a  peat  profile  were  made  with  respect  to 
relative  amounts  and  nature  of  the  major  components 
such  as  water-soluble  matter,  ether-soluble  matter, 


IT  IS  generally  agreed  that  coal  is  of  plant  origin  and  was 
formed  in  a  manner  similar  to  that  in  which  peat  is  being 
formed  today.  A  thorough  study  of  peat  from  its  in¬ 
ception  to  the  more  mature  stages  at  its  greatest  depth  be¬ 
comes  essential  to  the  understanding  of  the  constitution 
of  coal  and  its  formation.  With  this  objective  a  study  was 
undertaken  of  the  transformation  of  plant  substances  into 
peat  and  the  composition  of  a  deposit  in  profile  from  top 
to  bottom  with  respect  to  its  major  components,  their  na¬ 
ture,  their  changes,  and  their  relations.  By  such  a  study 
it  is  hoped  to  discover  more  definitely  what  plant  substances 
contributed  to  coal  and  what  are  now  their  chemical  and 
physical  natures. 

A  work  of  this  kind  includes  the  study  and  consideration 

1  Presented  before  the  Division  of  Gas  and  Fuel  Chemistry  at  the 
77th  Meeting  of  the  American  Chemical  Society,  Columbus,  Ohio,  April  29 
to  May  3,  1929. 

2  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines  and 
of  the  Carnegie  Institute  of  Technology  and  the  Mining  Advisory  Board. 
(Not  subject  to  copyright.) 

3  Formerly  research  fellow  Carnegie  Institute  of  Technology. 


humins,  lignin,  cellulose,  and  insoluble  residues  con¬ 
sisting  mostly  of  spore,  pollen,  and  cuticle  matter. 

This  offered  at  the  same  time  a  relation  of  the  various 
components  and  the  changes  they  have  undergone  during 
the  period  of  their  existence.  Since  the  inception  of  the 
deposit  dates  from  a  time  soon  after  the  last  ice  age, 
considerable  time  must  have  elapsed,  with  proportionally 
less  time  for  the  successive  younger  layers  until  the 
present. 

The  analyses  given  in  the  tables  and  figures  show  that 
lignin  and  cellulose  decrease  with  the  depth  of  the  deposit 
and  hence  with  age,  and  the  humins  increase  with  the 
depth  and  hence  with  age.  There  was,  therefore,  a  pro¬ 
gressive  humification  with  age.  Because  too  many  un¬ 
known  factors  enter  into  the  time  changes,  on  account 
of  large  mixtures  of  the  original  contributory  plant  prod¬ 
ucts,  no  solution  is  offered  by  these  analyses  as  to  whether 
lignin  is  the  chief  contributor,  or  whether  both  lignin  and 
cellulose  contribute  in  more  equal  proportions. 

The  different  floras  that  prevailed  successively  during 
the  deposition  of  the  peat  mass  caused  different  and 
specific  types  of  peat  to  be  laid  down;  successive  layers 
give  chemically  different  types  of  peat  and  these  are 
reflected  in  the  curves  as  fluctuations. 


of  every  compound  and  product  of  all  plants.  The  chemis¬ 
try  of  plant  substances  is  remarkably  well  known.  Only 
one  chief  and  important  constituent,  lignin,  defies  solution. 
This  is  unfortunate,  as  it  is  the  most  important  contributor 
to  peat  and  coal.  The  study  also  involves  the  chemistry 
of  decay,  the  action  of  fungi,  bacteria,  actinomyces,  burrow¬ 
ing  insects,  and  other  lower  organisms.  During  the  last 
ten  years  much  has  also  been  learned  of  the  chemistry  of 
decay  (4);  much,  however,  is  yet  to  be  learned.  With  these 
available  data  the  composition  of  peat  can  in  some  measure 
be  postulated;  yet  many  questions  and  problems  remain 
unanswered. 

The  Bog 

The  peat  on  which  these  studies  were  carried  out  w*as 
obtained  from  a  wooded  swamp  in  Manitowoc  Count}’. 
Wis.,  known  as  Hawk  Island  Swamp.  This  is  a  typical 
wooded  swamp  of  which  there  are  a  considerable  number, 
formed  by  uneven  deposits  of  gravel  after  the  retreat  of  the 
last  ice  age.  It  is  of  considerable  area  and  is  covered  with 
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a  dense  growth  of  white  cedars,  Thuja  occidentales,  inter¬ 
spersed  with  some  tamaracks,  birches,  black  ash,  and  spruces. 
In  its  original  primeval  condition  few  or  no  herbaceous  plants 
and  shrubs  grew  on  the  surface  owing  to  the  dense  over¬ 
growth;  but  mosses,  lichens,  and  liverwort  grew  in  great 
profusion.  It  is  therefore  a  typical  wooded  swamp.  The 
depth  of  the  peat  deposit  is  1.52  to  3.65  meters  (5  to  12  feet); 
where  the  samples  were  taken  it  is  3.04  meters  (10  feet)  deep. 


Peat 

5-gram  sample 

Dry  constant  weight 
Cold  H2O,  200  c.  c. ;  48  hours 


Soluble 

Ash 

Organic  material 


Insoluble 

Hot  H2O,  150  c.  c. ;  5  hours 


Soluble 


Insoluble 

Dried,  weighed 

Ether  8  hours 
Soxhlet 


Soluble 

evaporate 

Ash 

Organic  material 


Insoluble 


Fats,  waxes, 
resins 


Dried,  weighed 
Chlorine  dioxide 


Soluble 


Soluble 

Lignin 

Humic  material 


Insoluble 
—  NH4OH 
2  per  cent 
Insoluble 


Cupric 

ammoniacal 

solution 


Insoluble 


Spores,  cuticles, 
protective  material 


Ash 


Soluble 

- - 1 

Precipitated  with 
95  per  cent  C2H5OH 

I 

Cellulose 

Washed  with  HCI  and  NaOH 


Figure  1 — Bureau  of  Mines  Method  of  Analysis  of  Peat 


Large  samples  were  taken  from  top  to  bottom  in  the  form 
of  columns  0.61  meter  (24  inches)  in  length  and  about  0.51 
by  0.51  meter  (20  by  20  inches)  square;  these  were  shipped 
to  the  laboratory  at  Pittsburgh.  The  natural  condition  of 
the  peat  mass  was  thus  preserved  and  every  phase  of  peat 
formation  could  be  studied  without  having  disturbed  the 
original  characteristics. 

The  surface  layer  consists  of  semi-decayed  logs,  twigs, 
and  branches,  and  fragments  thereof  in  every  conceivable 
size,  together  with  the  residue  of  the  surface  flora,  and  in 
every  stage  of  decomposition  and  maceration.  Slightly 
beneath  the  surface  is  a  shallow  zone  penetrated  with  a  dense 
mass  of  roots  and  rootlets  of  the  plants  now  growing  on  it. 
The  next  1.22  meters  (4  feet)  are  composed  of  a  woody  peat 
derived  from  material  such  as  is  now  found  on  the  surface. 
At  the  lower  horizon  of  the  woody  peat  it  becomes  increas¬ 
ingly  mingled  with  moss  residues,  which  rapidly  develop 
into  a  typical  moss-peat  about  0.30  meter  (12  inches)  in 
depth.  The  next  0.91  to  1.52  meters  (3  to  5  feet)  consist 
of  a  reed-sedge-grass  peat,  the  products  of  a  marsh  stage. 
The  last  0.30  meter  (12  inches)  of  peat  at  the  bottom  con¬ 
sists  chiefly  of  a  highly  macerated  mass,  the  product  of  an 
open-water  stage.  The  entire  deposit  is,  however,  sublayered 
owing  to  slight  differences  in  plant  societies  and  degree  of 
decay  and  maceration. 

Agents  of  Decay 

Peat  formation  is  largely  a  problem  of  microbiology.  It 
may  roughly  be  divided  into  three  stages:  (1)  in  the  air 
with  free  access  of  air;  (2)  completely  submerged  under 


water  and  debris  and  deprived  of  free  access  of  air;  and 
(3)  a  stage  between  these  two  under  more  or  less  fluctuating 
conditions.  The  most  important  changes  and  eliminations 
during  the  transformation  of  plant  substances  into  peat  oc¬ 
cur  in  the  first  stage,  while  the  plant  substances  are  still 
exposed  to  free  access  of  air.  Immediately  after  the  plant 
products  or  plant  parts  have  separated  from  the  parent 
plants,  or  after  the  death  of  the  whole  plant  itself,  they 
are  attacked  by  fungi,  actinomyces,  bacteria,  insects,  and 
other  lower  organisms.  These,  together  with  the  dynamic 
agencies  of  the  atmosphere,  reduce  the  plant  substances 
to  a  semi-decayed,  more  or  less  disintegrated  mass.  As  the 
mass  is  more  and  more  covered  with  subsequent  debris,  the 
activity  of  the  microorganisms  changes  through  elimination 
of  the  more  strictly  aerobic  forms,  until  finally  faculative  aero¬ 
bic  bacteria  remain.  This  is  also  the  shallow  zone  permeated 
with  the  root  of  the  flora  of  the  swamp.  Finally,  when  the 
debris  is  completely  submerged  and  the  permanent  deposit  is 
established,  all  organisms  except  anaerobic  bacteria  have 
ceased  to  function. 


Bacteria  in  Peat 

It  has  now  been  satisfactorily  proved  that  bacteria  exist 
in  peat  and  are  functioning  to  all  depths  of  the  deposit.  A 
large  number  of  inoculations  have  been  made  from  the  top 
to  the  bottom  of  several  peat  deposits,  and  it  is  rare  that 
cultures  are  not  obtained.  These  cultures  are  being  propa¬ 
gated  on  wood  in  the  form  of  sawdust  and  shavings,  on  cellu¬ 
lose,  and  on  other  plant  materials  contained  in  flasks  and 
bottles  with  proper  mineral  culture  solutions;  they  are  still 
active  after  7  to  19  months.  Available  nitrogen  is  essential 
for  their  activities. 

From  these  observations  it  may  be  deduced  that  further 
changes,  generally  termed  “humifications, ”  are  going  on  in 
the  formed  deposit,  but  this  had  as  yet  not  actually  been  dem¬ 
onstrated. 

To  prove  definitely  the  further  influence  of  bacteria  on 
peat  after  its  deposition,  and  the  further  humification,  analy¬ 
ses  were  made  from  top  to  bottom  with  respect  to  its  major 


Peat;  dried  at  110° 
constant  weight 

Ether  G  to  8  hours 


Soluble 


Fats,  waxes, 
resins 


Insoluble 

in  H2SO3;  300  c.  c. 
autoclave,  12  hours 


Lignin  soluble 


Insoluble 


1  to  2  grams 
300  c.  c.  2N.NH4OH 
3  to  4  days 

3  to  5  hours  in  autoclave 


Insoluble 


1  to  5  grams  Schweizer’s  reagent 
Soluble  Insoluble 


Precipitated  with  Ash 

95  per  cent  C2H5OH 


Soluble 

I  humic  material 
Furfural 


T 


Washed  with  HCI  and  NaOH 


Figure  2 — Sven  Oden’s  Method  of  Analysis  of  Peat 


components — namely,  water-soluble  matter,  ether-soluble  ma¬ 
terial,  humins,  lignin,  cellulose,  and  certain  insoluble  con¬ 
stituents.  From  the  large  samples  shipped  from  the  field 
small  lumps  were  selected  at  3-inch  (7.6-cm.)  intervals  for 
the  first  2  feet  (6.1  meters)  and  at  6-inch  (15-cm.)  intervals 
for  the  remainder  of  the  depth,  and  dried  at  105°  C.  From 
this  series  5-gram  samples  were  selected. 
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weighed  and  the  difference  calculated  as  lignin  con¬ 
tent.  The  ash  is  determined  in  the  filtrate  and  cor¬ 
rections  made. 

Humic  Matter — The  dried  and  weighed  residue 
of  the  lignin  extract  is  now  treated  5  days  with  2 
N  solution  of  ammonium  hydroxide  followed  by 
heating  to  110°  C.  for  3  hours  under  15  pounds 
(1  atmosphere)  pressure  in  an  autoclave.  It  is  then 
filtered  through  a  Gooch  crucible,  washed,  dried, 
and  weighed;  the  humic  matter  is  determined  by 
difference. 

Cellulose — The  residue  is  then  treated  with 
100  cc.  of  Schweizer’s  reagent  (Dawson’s  modifica¬ 
tion)  (7)  for  5  hours,  filtered,  and  washed.  The 
cellulose  in  the  filtrate  is  precipitated  with  95  per 
cent  alcohol,  filtered,  and  washed  with  dilute  hy¬ 
drochloric  acid  followed  by  dilute  alkali;  correc¬ 
tions  are  made  for  ash. 

Insoluble  Matter — The  residue  constitutes  in¬ 
soluble  organic  matter  and  ash. 

The  Oden  method  is  carried  out  in  a  similar 
manner  except  that  no  water-soluble  matter  is 
separated  and  lignin  is  extracted  with  sulfurous 
acid. 

Discussion  of  Results 

Tables  I  and  II  give  results  of  the  analyses 
by  the  two  methods. 

Water-Soluble  Matter — The  cold-water- 
soluble  matter  in  peat  ranges  between  1  and  3 
per  cent,  increasing  from  top  to  bottom.  The 
hot-water-soluble  matter,  as  may  be  expected,  is 
considerably  higher  being  highest  with  4.25  per 
cent  near  the  surface  and  fairly  constant  below 
the  first  0.30  meter  (12  inches)  at  3.50  to  4  per 
cent.  The  water-soluble  matter  contains  con¬ 
siderable  amounts  of  reducing  sugars,  pentosans, 
methyl  pentosans,  nitrogenous  compounds,  and 
humic  matter  (10).  The  pentosan  contents 
fluctuate  irregularly  between  2.13  to  4.44  per  cent. 
The  total  reducing  sugars  irregularly  increase 
from  3.65  per  cent  at  the  top  to  13.88  per  cent 
at  the  2.44-meter  (8-foot)  level.  This  increase  is 
yet  to  be  explained. 

Ether-Soluble  Matter — The  ether-soluble 


Methods  of  Analysis  of  Peat 

Two  methods  of  analysis  were  used — one  developed  by 
Sven  Oden  (6),  and  the  other  adapted  and  developed  after 
various  authors.  Each  method  was  run  in  duplicate.  Either 
of  these  two  methods  is  far  from  being  completely  satisfac¬ 
tory,  and  exact  separation  of  all  the  components  cannot  be 
expected,  but  they  serve  to  separate  the  components  into 
rather  well-defined  groups.  Duplicate  analyses  checked 
fairly  well. 

Following  is  the  procedure  of  the  adopted  method,  referred 
to  as  the  “chlorine  dioxide  method,”  and  Figures  1  and  2 
give  an  idea  of  the  successive  steps; 

Cold-Water  Extract — A  5-gram  sample,  after  being  dried 
to  a  constant  weight  at  105°  C.,  is  treated  with  distilled  water 
at  room  temperature  for  48  hours,  and  filtered.  The  amount 
of  organic  matter  and  ash  is  determined  in  the  filtrate. 

Hot-Water  Extract — The  residue  of  the  cold-water  extract 
is  refluxed  3  hours  with  150  cc.  of  distilled  water,  filtered,  and 
the  ash  and  organic  matter  determined  in  the  filtrate. 

Ether  Extract — The  residue  of  the  hot-water  extract  is 
refluxed  8  horns  in  a  Soxhlet  with  ether;  the  residue  is  dried 
and  weighed  and  the  extract  determined  by  difference. 

Lignin  Determination — The  residue  of  the  ether  extract  is 
then  treated  with  200  cc.  of  approximately  1.5  N  chlorine  dioxide 
solution  at  room  temperature  for  48  hours,  filtered,  and  washed 
until  free  from  chlorine.  This  is  repeated  until  the  chlorine 
dioxide  solution  is  no  longer  colored.  The  residue  is  dried  and 


matter,  as  seen  in  the  tables  and  in  Figure  3, 
remains  fairly  constant  from  top  to  near  the  bottom,  fluctuat¬ 
ing  irregularly  between  approximately  2  and  6.6  per  cent  and 
becoming  higher  in  the  last  0.30  meter  (12  inches).  The 
ether-soluble  matter  contains  chiefly  fats,  waxes,  and  resins. 
The  color  of  the  extract  varies  from  brown  at  the  top  to 
greenish  brown  at  the  bottom.  They  are  soluble  in  a  hot 
ether  or  alcohol-benzene  mixture,  but  are  insoluble  in  the 
cold  liquor. 

The  crude  ether-soluble  matter  may  be  separated  into  a 
benzene-soluble  brown  fraction  and  an  ether-soluble  green 
wax.  In  solution  this  purified  wax  has  a  green  color  much 
resembling  alcoholic  solution  of  chlorophyll.  On  cooling 
and  evaporation  it  crystallizes  out  in  a  green  mass  which, 
on  drying  on  a  water  bath,  assumes  a  dark  green  color.  It 
has  a  melting  point  of  83°  to  84°  C.  and  a  saponification  value 
of  216;  its  acid  number  is  63.79  and  its  ester  number  is  152.21. 
Though  this  wax  resembles  the  montan  waxes  in  general, 
it  more  closely  resembles  a  wax  isolated  from  Irish  peat 
(I),  except  that  its  saponification  number  is  higher. 

Lignin  Content — The  greatest  importance  and  interest 
is  centered  around  the  lignin,  cellulose,  and  humin  contents. 
The  relation  of  the  relative  amounts  of  these  three  components 
gives  an  index  of  the  changes,  generally  termed  “humifica¬ 
tion,”  going  on  in  the  deposit  as  time  advances.  This  group 
also  involves  the  much  debated  question  as  to  the  origin 
of  humins;  one  school  maintains  that  lignin  alone,  or  pri- 
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marily  ( 2 ),  is  the  source  of  humin;  another  maintains  that 
lignin  and  cellulose  contribute  in  more  equal  proportions  ( 5 ). 
Not  many  years  ago  cellulose  alone  was  considered;  evi¬ 
dence  now  points  in  the  direction  that  cellulose  contributes 
only  indirectly  and  then  in  small  amounts  (8). 

Table  I — Analysis  of  Peat  by  Chlorine  Dioxide  Method 

Hot-  In- 


Depth 

Water 

Soluble3 

Ether- 
Soluble  6 

CIO2- 
3  %c 

NH4OHJ 

ScHWEIZ- 

er's® 

SOLU¬ 

BLE/ 

Inches 

Meiers 

% 

% 

% 

% 

% 

% 

3 

0.076 

1.8 

36.50 

9.9 

24.97 

4.1 

6 

0.15 

3.77 

21.30 

15.  15 

38.85 

8.46 

9 

0.23 

2 '.48 

3.83 

18.12 

14.60 

38.81 

12.93 

12 

0.30 

5.28 

11.50 

17.30 

33.02 

12.77 

15 

0.38 

18 

0.45 

3 . 56 

33A 

14 '67 

22. 33 

9 '46 

21 

0.53 

4. 25 

3.45 

41.3 

15.53 

14.46 

10.41 

24 

0.61 

1.39 

22.3 

32.10 

7.35 

23.71 

30 

0.76 

1.34 

29.6 

18.00 

9.58 

30.54 

36 

0.91 

3  As 

8.57 

21.3 

33.2 

9.21 

18.30 

42 

1.06 

5.80 

7.25 

16.4 

35.4 

2.50 

13.56 

48 

1.22 

3.08 

4.66 

27.7 

38.54 

6.85 

14.36 

54 

1.37 

2.96 

20.3 

35.78 

5.01 

19.52 

60 

1.52 

4.46 

2.92 

20.16 

31.02 

20.39 

15.36 

66 

1.67 

2.53 

12.61 

36.58 

23.03 

19.21 

72 

1.83 

2!  3 

4.28 

28.81 

37.71 

7.24 

23.71 

78 

1.98 

1.66 

30.2 

31.12 

10.12 

20.19 

84 

2.13 

1.3 

3.47 

23.95 

38.6 

4.03 

24.05 

90 

2.28 

1.84 

19.43 

35.91 

2.17 

96 

2.44 

0.9 

5.67 

20.15 

42.86 

0.88 

21 .50 

102 

2.59 

4.12 

18.28 

47.96 

0.43 

23.35 

108 

2.74 

1.53 

15.75 

49.50 

1.03 

18.26 

114 

2.89 

2.21 

18.25 

47.8 

19.36 

120 

3.04 

4.45 

10.00 

51.05 

20.40 

°  Hexosans,  pentosans,  humins,  starches,  gums,  organic  nitrogen,  and 
amines. 

b  Fats,  waxes,  and  resins. 
c  Lignin  and  pentosans. 
d  Humic  matter. 
e  Cellulose. 

/  Spores  and  cuticles. 


As  shown  by  Tables  I  and  II  and  Figure  5,  the  curves 
of  the  humic  contents  are  definitely  related  in  reverse  order 
to  that  of  the  lignin  curves.  It  starts  with  a  low  figure 
(between  8  and  10  per  cent)  in  the  surface  layer,  and  gradu¬ 
ally  rises  to  the  bottom  of  the  woody  peat  zone  with  over 
50  per  cent,  taking  a  slight  downward  turn  in  the  moss-peat 
zone,  again  taking  an  upward  turn  in  the  grass-sedge-reed 
peat,  and  gradually  rising  to  a  high  point  of  above  60  per 
cent  at  the  bottom. 

It  should  be  remembered  that  the  curves  of  the  data  ob¬ 
tained  by  Oden’s  method  include  the  water-soluble  humins 
as  well  as  certain  hexosans  and  pentosans ;  therefore  they  are 
relatively  higher  (5). 

The  humic  material,  as  separated*  from  peat  with  2  N 
ammonium  hydroxide,  is  far  from  being  a  unit  substance; 
in  fact,  it  is  a  heterogeneous  substance  and  can  be  separated 
into  a  number  of  fractions,  as  follows:  (1)  a  water-soluble 
fraction  called  fulvic  acid;  (2)  a  hot-alcohol-soluble  frac¬ 
tion  called  hymatomelanic  acid;  and  (3)  an  insoluble  frac¬ 
tion,  the  humic  acid  proper.  The  last  fraction  may  again 
be  separated  into  a  sodium  carbonate-soluble  and  a  sodium 
carbonate-insoluble  fraction.  The  sodium  carbonate-soluble 
fraction,  precipitated  with  hydrochloric  acid,  is  further  sepa¬ 
rable  with  pyridine  into  a  soluble  and  insoluble  fraction. 
The  hot-alcohol  fraction,  or  hymatomelanic  acid,  on  cool¬ 
ing  separates  out  into  a  wax  with  a  melting  point  of  79° 
C.  after  filtering  and  desiccating  the  filtrate.  A  resin  acid 
is  dissolved  out  with  ether. 


Table  II — Analysis  of  Peat  by  Oden’s  Method 


ScHWEIZER’Sd 
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Depth 
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Soluble3 

H2SO3  f . 

NHiOHc 

NIACAL 
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In¬ 
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Inches 
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% 

% 

% 

% 

% 

3 

0.08 

2.89 

42.3 

7.01 

44.73 

2.0 

6 

0.15 

3.01 

27.3 

19.62 

38.51 

10.62 

9 

0.23 

3.22 

23.6 

21.83 

37.15 

15.23 

12 

0.30 

4.13 

21.7 

22.84 

40.53 

12.07 

15 

0.38 

2.95 

52.6 

12.2 

23.3 

9.03 

18 

0.45 

2.80 

43.4 

25.02 

11.27 

18.31 

21 

0.53 

3.88 

34.8 

30.84 

9.03 

21.05 

24 

0.61 

2.88 

38.3 

39.16 

11.63 

18.53 

30 

0.76 

2.80 

16.7 

43.93 

7.18 

36 

0.91 

5.96 

42 

1.06 

4.2 

20 '32 

45!  87 

5’oi 

23!  35 

48 

1.22 

3.68 

15.12 

53.2 

3.58 

25.20 

54 

1.37 

2.69 

17.52 

51.78 

18.23 

9.37 

60 

1.52 

1.95 

10.28 

56.38 

22.08 

10.82 

66 

1.67 

2.2 

18.63 

50.21 

10.36 

15.64 

72 

1.83 

2.1 

11.7 

43.98 

20.18 

78 

1.98 

0.84 
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As  may  be  expected,  because  the  surface  layer  contains 
much  sound  woody  matter,  chiefly  in  the  form  of  roots  and 
semi-rotten  stem  fragments,  the  lignin  content  in  the  upper¬ 
most  layer  of  peat  is  high.  As  shown  in  Tables  I  and  II 
and  Figure  $,  the  lignin  rapidly  drops  from  a  relatively  high 
percentage,  36  to  44  per  cent  at  the  surface,  to  a  low  point, 
between  10  and  12  per  cent,  just  below  the  middle  of  the 
deposit  in  the  moss-peat  zone;  at  the  1.83-meter  (6-foot) 
level  in  the  horizon  of  the  grass-sedge-reed  peat  the  lignin 
content  again  suddenly  rises  to  a  high  point  of  more  than  30 
per  cent,  owing  to  a  high  state  of  preservation  of  this  zone; 
it  then  decreases  to  less  than  10  per  cent  at  the  bottom. 

Alkali-Soluble  Matter — The  alkali-soluble  matter  com¬ 
prises  essentially  the  humins.  These  are  the  most  impor¬ 
tant  and  interesting  components,  as  they  constitute  the  main 
contributors  to  coal. 
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63.2  per  cent 
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C102. 


Humic  materials 
85.3 

Water  soluble 

Fulvic  acid _ 

4.5 
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Cellulose  protective  materials 
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Resin  acids 
Ether-soluble 


Wax  melting  79’ 
precipitates  out 
5 


Soluble 
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Precipitate  Soluble 


Hot  alcohol 

Residue  humic  acid 
80.5 


NaHC03 
10 


.  Residue 
10 

NaOH 

2 

Residue 


I 

Pyridine  soluble 

1 

Pyridine  insoluble 
Figure  6 — Separation  of  Humins 


The  complete  procedure,  beginning  with  peat,  is  outlined 
in  flow  sheet  of  Figure  6. 

Cellulose  Content — As  in  the  lignin  content,  and  for 
the  same  reason,  the  cellulose  content  is  high  in  the  surface 
layer,  being  more  than  40  per  cent.  From  this  it  rapidly  falls 
to  a  low  figure  of  2  to  10  per  cent  in  the  lower  horizon  of  the 
woody  peat.  In  the  moss-peat  layer  the  cellulose  again 
rises  to  over  20  per  cent  to  the  cellulose-resistant  mosses. 
It  is  still  high  in  the  better  preserved  grass-reed  peat  layer, 
in  which  it  falls  to  none  or  merely  a  trace.  Tables  I  and 
II  and  Figure  7  give  results  of  analyses. 
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Comparison  of  Lignin,  Cellulose,  and  Humin  Curves 

If  we  had  to  deal  with  peat  derived  from  decomposing  wood 
alone,  it  would  be  simple  to  establish  a  clear  relation  be¬ 
tween  the  three  components,  lignin,  cellulose,  and  humins; 
unfortunately,  we  have  a  large  number  of  other  plant  sub¬ 
stances  to  consider,  such  as  the  remains  of  leaf  tissues,  bark, 
liverworts,  mosses,  and  lichens,  whose  tissues 


fungi 


algae, 


are  quite  different  in  chemical  composition  from  that  of  wood. 
But  it  is  safe  to  say  that  wood  is  the  largest  contributor 
and  there  should  be  some  harmony  in  the  data  found.  As 
will  be  noted,  data  obtained  in  the  first  foot  of  the  material 
are  erratic.  This  is  due  to  a  faulty  selection  of  samples  for 
analysis.  More  uniform  results  would  have  been 
obtained  if  an  area  of  several  square  feet  had 
been  selected  at  a  particular  level,  and  the  whole 
thoroughly  mixed,  from  which  the  sample  for 
analysis  could  be  selected,  a  method  now  pur¬ 
sued.  In  the  deeper  horizons,  where  the  peat 
was  more  highly  macerated  and  more  uniformly 
matured,  the  analyses  are  more  uniform.  How¬ 
ever,  if  the  data  are  averaged,  the  trend  of  the 
average  curve  is  evident.  The  data  show  dis¬ 
tinctly  that  the  lignin  and  cellulose  decrease  to¬ 
gether,  but  the  lignin  content  remains  higher  than 
tlie  cellulose  content,  and  the  humin  content  increases  in¬ 
versely. 

The  cellulose  curves  take  a  steady  decline  until  the  moss 
peat  layer  is  reached  where,  owing  to  the  resistant  moss- 
cellulose,  a  sharp  incline  is  noted.  This  agrees  with  the 
analysis  of  moss  peats  by  other  investigators  (9).  From 
now  on  the  cellulose  gradually  disappears. 

The  lignin  curve  rapidly  falls  from  a  high  point,  then  it 
flattens  and  continues  to  fall  through  the  moss  layer,  but 
rises  rapidly  again  on  entering  the  grass-reed-peat  complex, 
owing  to  its  high  resistivity  in  lignin,  to  a  high  point  of  36  to 
44  per  cent;  from  here  it  falls  to  less  than  10  per  cent. 

The  curves  obtained  from  the  data  of  the  humin  content 
rise  rapidly  inversely  to  the  lignin  content.  The  first  high 
points  of  the  humin  curves  coincide  with  the  first  low  points 


of  the  lignin  curves,  but  not  with  the  cellulose  curves;  the 
first  high  points  of  the  humin  curves  approximately  coincide 
with  the  high  cellulose  point  in  the  moss-peat  zone. 

The  questions  now  naturally  arise — what  becomes  of  the 
lignin  and  cellulose  and  what  is  the  source  of  the  increasing 
humins?  Unfortunately,  as  already  indicated,  the  analyses 
give  no  definite  clues,  because  of  the  many  and  varied  sub¬ 
stances  that  have  contributed.  Both  lignin  and  cellulose 
decrease  in  general  toward  the  deeper  strata  and 
the  humin  increases  proportionately.  It  can  there¬ 
fore  be  argued  that  both  are  contributors.  Ex¬ 
periments  on  decomposing  wood  have  shown  that 
the  cellulose  in  it  disappears,  decomposing  mainly 
into  water  and  carbon  dioxide,  while  the  lignin  is 
transformed  into  the  so-called  humins.  Cellulose, 
when  subjected  to  the  action  of  microorganisms, 
does  not  form  humins  directly.  The  bodies  of  the 
organisms,  however,  formed  synthetically  during 
the  decomposition  of  cellulose,  give  rise  to  humin 
in  definite  proportions  ( 8 ) .  F rom  such  experiments 
and  others  it  is  assumed  that  the  humins  are  de¬ 
rived  primarily  from  the  lignin  in  woody  tissues, 
steady  increase  in  the  insoluble  matter,  consisting 


The 


chiefly  of  spore,  pollen,  and  cuticle  matter,  is  explained  by 
the  fact  that  these  components  are  very  resistant  to  all  kinds 
of  reactions,  and  will  therefore  concentrate  and  remain  un¬ 
decomposed  and  accumulate  as  the  other  materials  gradually 


decompose  more  and  more  and  are  totally  lost  to  the  de¬ 
posit.  Tables  I  and  II  and  Figure  8  give  results  of  deter¬ 
minations. 
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Wider  Use  for  Inferior  Wood 


An  annual  saving  of  113,000  acres  of  standing  timber  would 
result  if  the  33,000  carloads  of  non-utilized  wood  developed  in 
North  Carolina  each  year  should  be  put  to  proper  use,  the  com¬ 
mittee  on  wood  utilization.  Department  of  Commerce,  an¬ 
nounced.  In  its  report  on  a  survey  conducted  in  North  Caro¬ 
lina,  the  committee  urges  sawmills  to  establish  by-products  in¬ 
dustries  involving  the  utilization  of  sawdust  in  the  manufacture 
of  pulp,  paper,  wood  chemicals,  and  similar  products. 

The  committee  has  already  completed  a  similar  survey  in 
Virginia  and  another  is  in  progress  in  Maryland.  The  investi¬ 
gation  in  each  case  covers  only  such  waste-wood  items  as  are 
not  being  put  to  profitable  use,  even  for  fuel. 


The  bulletin  on  the  North  Carolina  survey  discusses  in  detail 
the  recognized  methods  for  reducing  wood  waste,  and  also  brings 
out  important  points  in  connection  with  the  utilization  of  wood 
waste  unavoidably  produced.  It  gives  a  detailed  account  of  this 
wood  waste  in  North  Carolina,  enumerates  the  names  of  the 
mills  by  counties,  and,  in  each  instance,  gives  an  accurate  de¬ 
scription  of  the  number  of  carloads  of  wood  waste  available  at 
every  plant  and  the  kind  of  wood,  both  as  to  species  and  type  of 
waste. 

The  “Survey  of  Non-Utilized  Wood  in  North  Carolina'1  may  be 
obtained  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.,  at  20  cents  per  copy. 
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Analytical  Reactions  of  Tetraethyl  Lead1 

Graham  Edgar  and  George  Calingaert 


Ethyl  Gasoline  Corporation  Laboratory,  Yonkers,  N.  Y. 


THE  wide  distribution  of 
motor  gasoline  con¬ 
taining  tetraethyl  lead 
has  stimulated  interest  in  the 
analytical  methods  that  can 
be  applied  to  organic  lead 
compounds.  Except  for  the 
publications  of  Krause  and  his 
co-workers  several  years  ago  ( 9 )  and  the  more  recent  article  by 
Gilman  (8),  practically  no  methods  of  analysis  applicable  to 
concentrated  organic  lead  preparations  have  been  published. 
On  the  other  hand,  several  methods  of  analysis  of  gasoline 
for  tetraethyl  lead  have  been  suggested  in  the  literature  ( 1 ,  2, 
J+,  5,  7,  10)  which,  from  the  authors’  experience,  are  somewhat 
lacking  in  both  convenience  and  accuracy.  Since  the  methods 
suggested  by  Krause  and  by  Gilman  are  of  only  limited  ap¬ 
plicability,  it  may  be  of  interest  to  present  in  detail  and  dis¬ 
cuss  the  methods  which  have  been  developed  in  this  labora¬ 
tory  and  employed  for  several  years. 

The  methods  as  described  herein  apply  particularly  to  tetra¬ 
ethyl  lead  and  other  ethyl  lead  compounds.  Their  applica¬ 
bility  to  other  alkyl  lead  compounds  will  be  considered  in  the 
discussion. 

For  the  physical  and  chemical  properties  of  organic  lead 
compounds  on  which  the  analytical  methods  are  based,  the 
reader  is  referred  to  a  review  of  the  subject  by  one  of  the 
authors  (8). 

Experimental  Methods 

Method  1.  Total  Lead  in  Concentrated  Prepara¬ 
tions — 

Caution — Concentrated  preparations  of  organic  lead  compounds  are 
highly  poisonous.  They  should  be  handled  under  a  hood  equipped  with 
vigorous  suction,  and  care  should  be  employed  to  prevent  contact  with  the 
hands. 

(o)  Gravimetric. 

Reactions:  PbEt4 - >  PbBr» - >  PbCr04 

To  about  25  cc.  of  carbon  tetrachloride  in  a  500-cc.  Erlen- 
meyer  flask  add  about  1  cc.  of  tetraethyl  lead  or  its  con¬ 
centrated  solution,  weighed  in  a  Lunge  pipet  ( 6 ).  Keep 
the  Erlenmeyer  flask  ice  cold,  and  add  slowly  and  with  con¬ 
stant  shaking  an  excess  (5  to  10  cc.)  of  a  30  per  cent  solution 
of  bromine  in  carbon  tetrachloride. 

Evaporate  on  a  steam  bath  the  carbon  tetrachloride  from 
the  solid  lead  bromide.  To  the  dry  lead  bromide  add  a  mix¬ 
ture  of  30  cc.  of  concentrated  ammonia  (sp.  gr.  0.90)  and 
50  cc.  of  50  per  cent  acetic  acid,  washing  down  the  sides  of 
the  flask.  Boil  until  the  precipitate  is  completely  dissolved 
and  any  remaining  carbon  tetrachloride  removed.  Filter 
from  any  insoluble  matter  and  wash  the  flask  out  well  with 
hot  water  into  a  beaker.  Dilute  the  filtrate  and  washings 
to  450  cc.  and  heat  to  boiling  on  a  hot  plate.  Now  add  slowly 
and  with  constant  stirring  40  cc.  of  a  5  per  cent  solution  of 
potassium  dichromate.  Stir  for  5  minutes  while  the  solution 
is  boiling,  then  remove  from  the  hot  plate  and  keep  in  a 
warm  place  for  one  hour.  Collect  the  precipitate  on  a  weighed 
and  ignited  Gooch  crucible  and  wash  well  with  hot  water. 
Dry  in  a  crucible  air  bath,  or  in  an  oven  at  105°  C.  and 
weigh  as  PbCr04. 

1  Received  May  2,  1929. 


(6)  1  olumetric. 

Reactions :  PbEt4 - >■ 

PbBr2 - >  PbMoCb 

Prepare  the  ammonium 
acetate  solution  of  lead  as  in 
section  (a),  boil  it  down  to 
150  cc.,  and  titrate  hot  with 
a  standard  molybdate  solu¬ 
tion,  until  a  yellow  coloration  is  obtained  with  tannic  acid 
used  as  outside  indicator.  The  molybdate  solution  is  stand¬ 
ardized  against  a  known  weight  of  lead  or  lead  chloride 
(11).  The  indicator  used  is  a  0.5  per  cent  freshly  prepared 
solution  of  tannic  acid.  Care  must  be  taken  always  to 
use  the  same  amount  of  indicator  (2  drops)  and  solution 
(4  drops).  A  blank  is  run  on  the  same  amount  of  water 
and  ammonium  acetate,  and  the  amount  of  molybdate  solu¬ 
tion  used  to  give  a  distinct  coloration  (about  0.3  cc.)  is  sub¬ 
tracted  from  the  result  of  the  titration. 

Method  2.  Total  Organic  Lead  in  Dilute  Solution 
(in  Gasoline) — (a)  Gravimetric.  Measure  with  a  pipet 
100  cc.  of  gasoline  containing  tetraethyl  lead  in  a  400-cc. 
beaker.  Add  slowly  a  solution  of  30  per  cent  bromine  in 
carbon  tetrachloride,  until  the  permanent  brown-red  color 
of  bromine  is  obtained.2  Filter  promptly  through  asbestos 
in  a  dry  Gooch  crucible — or  preferably  through  a  fritted 
Jena  glass  filter  crucible  of  No.  2  porosity — and  wash  with 
petroleum  ether.  Put  the  crucible  back  in  the  beaker  where 
the  precipitation  was  made  and  add  about  3  cc.  of  nitric 
acid  (sp.  gr.  1.40)  in  the  crucible.  Add  a  warm  solution  of 
10  per  cent  nitric  acid  in  quantity  just  sufficient  to  cover 
the  top  of  the  crucible,  bring  to  boiling,  remove  the 
crucible,  and  boil  down  to  about  3  cc.  Dilute  and  filter  the 
solution  through  soft  filter  paper  (if  a  Gooch  crucible  was 
used),  rinsing  the  beaker  and  crucible  with  warm  water. 
Just  neutralize  the  filtrate  with  ammonium  hydroxide  and 
add  5  cc.  of  50  per  cent  acetic  acid.  Continue  as  per  Method 
1  (a). 

Note  1 — Gasolines  containing  a  high  percentage  of  unsaturated  com¬ 
pounds  absorb  bromine  vigorously  with  evolution  of  heat.  In  such  cases  it 
is  highly  advisable  to  dilute  the  sample  with  about  100  cc.  of  a  volatile 
petroleum  fraction  fairly  free  from  unsaturated  compounds  (cracked  stock), 
to  add  the  bromine  slowly,  and  to  keep  the  beaker  in  ice.  When  this  pre¬ 
caution  is  not  taken,  the  results  are  apt  to  be  low.  Suitable  diluents  are, 
for  instance,  fighting  grade  aviation  gasoline,  petroleum  ether,  and  ligroin. 

Note  2 — Some  gasolines,  when  treated  with  bromine,  give  a  tarry  liquid 
insoluble  in  gasoline.  In  such  cases  the  precipitated  lead  bromide  should  be 
washed  with  special  care  with  petroleum  ether,  in  order  to  remove  the  tar 
thoroughly  before  dissolving  the  lead  bromide  in  nitric  acid. 

(i b )  Volumetric.  Prepare  the  ammonium  acetate  solution 
as  in  Method  2  (a),  boil  down  to  150  cc.,  and  titrate  hot  with 
a  standard  molybdate  solution  as  in  Method  1  ( b ) . 

Note  1 — The  molybdate  solution  may  be  made  to  contain  2.380  grams 
of  commercial  c.  p.  salt,  in  which  case  1  cc.  of  this  solution  used  on  an  original 
100-cc.  sample  of  gasoline  corresponds  to  0.1  cc.  of  tetraethyl  lead  (sp.  gr. 
1.65)  per  gallon  of  gasoline. 

Note  2 — In  some  cases  the  lead  nitrate  which  begins  to  precipitate  when 
the  solution  is  concentrated  to  3  cc.  volume  is  contaminated  by  a  small 
amount  of  organic  matter.  It  is  then  advisable  to  evaporate  to  dryness  and 
treat  with  fuming  nitric  acid,  repeating  the  operation  until  a  clean  white 
residue  of  lead  nitrate  is  obtained. 


2  This  method  of  separating  the  lead  from  the  gasoline  w*as  worked  out 
independently  in  several  laboratories  during  the  early  part  of  the  research, 
work  on  tetraethyl  lead. 


Analytical  methods  have  been  described  for  the  deter¬ 
mination  of  tetraethyl  lead  and  related  compounds  in 
concentrated  preparations,  and  of  tetraethyl  lead  in 
dilute  solution  in  gasoline. 

The  limits  of  accuracy  of  these  methods,  and  their 
applicability,  under  different  conditions,  have  been 
discussed. 
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Method  3.  Tetraethyl  Lead  in  Concentrated  Prepa¬ 
rations — 

Reaction.  Pb(C2H6)4  +  I*  =  Pb(C2H6)3I  +  C2H6I 

Solutions.  0.1  N  iodine  containing  50  grams  of  c.  p. 
potassium  iodide  per  liter;  0.1  N  sodium  thiosulfate;  starch 
solution;  c.  p.  benzene. 

Apparatus.  250-cc.  glass-stoppered  flasks;  weighing  pipet 
(see  Note  4)  I  weighing  burets  or  accurate  volumetric  appara¬ 
tus. 

Procedure.  Weigh  accurately  0.5  cc.  of  pure  tetraethyl 
lead,  or  1  cc.  or  less  of  its  concentrated  solution,  and  add  it  to 
50  cc.  of  c.  p.  benzene  in  a  250-cc.  glass-stoppered  flask. 
Add  at  once  0.1  N  iodine  solution  in  amount  equal  to  2  to  5  cc. 
above  the  theoretical.  (For  tetraethyl  lead  the  weight  of  the 
sample  multiplied  by  15  gives  very  nearly  the  correct  volume 
of  0.1  N  iodine;  for  a  solution  its  approximate  concentration 
must  be  determined  by  a  trial  titration.)  Shake  vigorously 
for  2  to  3  minutes  and  titrate  the  excess  iodine  with  0.1  N 
sodium  thiosulfate,  using  starch  solution  as  indicator  and 
shaking  vigorously  meanwhile. 

The  number  of  cubic  centimeters  of  0.1  N  iodine  required 
times  0.01617  equals  the  weight  of  tetraethyl  lead  in  the 
sample. 

Note  1 — In  order  to  obtain  accurate  results,  it  is  important  that  the 
procedure  be  followed  in  all  its  details,  especially  in  regard  to  the  amount  of 
benzene  and  the  concentration  of  potassium  iodide  in  the  iodine  solution. 

Note  2 — When  titrating  with  sodium  thiosulfate  part  of  the  iodine  is  in 
the  aqueous  potassium  iodide  layer  and  part  in  the  benzene.  The  titration 
can  be  run  rapidly  until  the  blue  color  of  the  iodine-starch  in  the  water  layer 
disappears.  This  will  reappear  on  shaking,  and  the  titration  is  then  com¬ 
pleted  by  adding  the  thiosulfate  drop  by  drop,  shaking  well  between  addi¬ 
tions. 

Note  3 — If  the  excess  iodine  is  less  than  2  cc.,  the  results  are  usually  low 
and  the  analysis  should  be  repeated.  More  than  5  cc.  excess  can  usually 
be  added  safely,  but  2  to  5  cc.  is  best.  If  a  yellow  precipitate  (of  lead  iodide) 
appears,  the  analysis  should  be  rejected. 

Note  4 — For  a  convenient  type  of  pipet  devised  primarily  for  this  use, 
see  Reference  (6). 

Method  4.  Mixtures  of  Tetraethyl  Lead  and 
Dilead  Hexaethyl — Such  mixtures  are  usually  obtained  in 
the  preparation  of  alkyl  lead  compounds  by  the  Grignard  re¬ 
action.  If  no  other  substance  is  present,  the  specific  gravity 
will  indicate  the  composition  of  the  mixture,  the  specific 
gravity  of  the  two  compounds  being  approximately  1.65  and 
1.94,  respectively.  More  accurate  information  will,  however, 
be  obtained  by  analysis.  Both  substances  react  with  iodine: 

Pb(C2Hs),  +  21  =  Pb(C2H6)3I  +  C2H6I 
Pb2(C2H5)6  +  21=2  Pb(C2H6)3I 

The  total  lead  present  can  be  determined  by  Method  1 . 

From  the  results  of  the  iodine  titration  and  the  determina¬ 
tion  of  total  lead,  performed  as  per  Methods  1  and  3,  the 
amounts  of  tetraethyl  lead  and  dilead  hexaethyl  can  readily  be 
calculated. 

Method  5.  Triethyl  Lead  Salts,  with  or  without 
Tetraethyl  Lead  Present — The  triethyl  lead  salts  are 
extracted  with  aqueous  ammonia  in  which  they  are  more 
soluble  than  in  organic  solvents. 

Procedure.  Dilute  about  5  cc.  of  the  concentrated  prepara¬ 
tion  with  20  cc.  of  petroleum  ether,  and  shake  it  with  two 
successive  portions  of  20  cc.  of  a  concentrated  aqueous  am¬ 
monia  solution.  Boil  most  of  the  ammonia  off  gently,  acidify 
the  remaining  solution  with  nitric  acid,  boil  down  to  about  3 
cc.,  and  analyze  for  lead  as  per  Method  2  (a)  or  2  ( b ). 

Method  6.  Tetraethyl  Lead  and  Triethyl  Lead 
Salts — Extract  the  preparation  with  ammonia  as  per 
Method  5  to  obtain  the  triethyl  lead  compounds.  Treat 
the  residue  as  per  Method  1  to  obtain  the  tetraethyl  lead. 


Discussion 

Accuracy — According  to  the  experience  of  the  authors, 
Method  1  is  as  accurate  as  ordinary  analytical  methods 
in  inorganic  chemistry — i.  e.,  0.3  to  0.1  per  cent  depending  on 
the  skill  and  care  applied.  In  Method  2  the  accuracy  de¬ 
pends  somewhat  on  the  concentration  of  lead  present,  and 
on  the  nature  of  the  solvent.  (Gasolines  containing  large 
amounts  of  unsaturated  compounds  tend  to  give  a  tarry 
precipitate,  which  cannot  always  be  transferred  quantita¬ 
tively.)  However,  the  accuracy  of  routine  analysis  is  better 
than  1  per  cent  for  quantities  of  0.75  to  3.0  cc.  of  tetraethyl 
lead  per  gallon  of  gasoline  (0.02  to  0.08  per  cent  by  volume, 
0.04  to  0.16  per  cent  by  weight),  which  seems  to  be  sufficient 
for  all  practical  purposes. 

Method  3  appears  to  be  good  to  at  least  0.3  per  cent  when 
pure  preparations  are  handled  and  when  the  procedure  is 
followed  accurately.  The  accuracy  of  Method  4  is  somewhat 
uncertain,  because  no  alkyl  compound  of  the  type  PboRe 
has  ever  been  isolated  in  the  pure  state.  Comparison  with 
other  properties  (density,  stability)  seems  to  indicate  that 
the  method  is  quite  reliable. 

Methods  5  and  6  will  give  results  accurate  to  within  1  to 
2  per  cent  on  the  triethyl  lead  salts.  The  accuracy  appears 
to  be  limited  more  by  the  instability  of  the  compounds  in¬ 
volved  than  by  any  shortcomings  of  the  method. 

Applicability — As  stated  in  the  introduction,  the  methods 
have  been  developed  primarily  for  the  analysis  of  tetraethyl 
lead  and  accompanying  impurities.  The  aryl  lead  com¬ 
pounds  are  much  more  stable  than  the  alkyl  compounds,  and 
the  methods  given  here  would  have  to  be  modified  somewhat 
to  apply  in  their  case  (8). 

Methods  1  and  2  have  been  applied  successfully  to  several 
alkyl  lead  compounds  beside  ethyl.  Methods  3  and  4 
would  probably  also  be  applicable  in  their  case,  but  the 
authors  have  had  no  experience  with  them. 

Methods  5- and  6  will  determine  with  certainty  the  presence 
of  as  little  as  1  per  cent  of  a  triethyl  lead  salt  in  tetraethyl 
lead. 

Methods  1  and  2  appear  to  be  applicable  to  practically  all 
organic  solvents,  with  the  exception  of  those  that  would  react 
too  violently  or  too  completely  with  bromine.  Methods  3 
and  4  are  obviously  applicable  only  in  the  absence  of  sub¬ 
stances  which  react  with  iodine  in  the  conditions  specified. 
The  conditions  of  concentrations  and  the  amount  of  reagent 
are  of  such  importance  from  the  standpoint  of  accuracy 
that  the  method  would  probably  not  be  applicable  to  dilute 
solutions  in  the  presence  of  unknown  substances. 
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Determination  of  Inert  Gas  Content  of  Gas  Mixtures 
by  Means  of  Calcium  as  an  Absorbent1 

Martin  Leatherman  and  Edward  P.  Bartlett 

Bureau  or  Chemistry  and  Soils,  Washington,  D.  C. 


NITROGEN  used  in  ex¬ 
perimental  work  at 
the  Fixed  Nitrogen 
Research  Laboratory  is  fre¬ 
quently  a  commercial  prod¬ 
uct  prepared  by  the  fractional 
distillation  of  liquid  air.  Ni¬ 
trogen  thus  prepared  gener¬ 
ally  contains  small  amounts  of 
the  noble  gases.  Recently  it  has  become  necessary  to  de¬ 
termine  quantitatively  the  aggregate  amount  of  these  im¬ 
purities  in  the  nitrogen  and  in  its  mixtures  with  hydrogen. 
An  analytical  method  has  been  devised  which  employs  certain 
well-known  chemical  reactions  of  metallic  calcium  but  which 
embodies  apparatus  and  technic  not  previously  described. 
This  method  assures  rapid  analyses,  capable  of  measuring 
0.01  per  cent  of  inert  gas. 

Chemistry  of  the  Reaction 

In  1898  Moissan  first  prepared  calcium  in  sufficient  quan¬ 
tities  for  a  careful  study  of  its  physical  and  chemical  properties 
(6).  This  finely  divided  crystalline  metal  he  found  to  react 
vigorously  with  both  nitrogen  and  hydrogen  to  form  the 
nitride  and  hydride,  respectively.  He  also  observed  that  the 
dissociation  pressures  of  these  compounds  were  “immeasur¬ 
ably”  small  at  dull  red  heat. 

These  observations  were  qualitatively  verified  by  Arndt  ( 1 ). 
He,  however,  reported  that  the  metal  begins  to  volatilize  at 
about  700°  C.  (Pilling  (8)  has  calculated  the  vapor  pressure 
of  calcium  at  700°  C.  to  be  0.19  mm.  of  mercury),  whereas 
the  melting  point  is  about  800°  C.,  and  that  the  absorption  of 
the  gases  begins  at  approximately  the  temperature  of  vola¬ 
tilization.  After  absorption  of  the  gases,  analysis  with  a 
Pliicker  spectrum  tube  showed  the  absence  of  nitrogen  but 
indicated  a  residual  pressure  of  hydrogen. 

The  findings  of  Sieverts  (11)  gave  full  qualitative  support 
to  the  results  of  earlier  investigators  as  to  end  products,  but 
his  conclusions  as  to  reaction  conditions  have  not  been  con¬ 
firmed  by  more  recent  investigators.  He  attributed  the 
variable  activity  of  calcium  samples  to  differences  in  crystal 
size.  Ruff  and  Hartmann  (9)  have  shown  that  this  variation 
is  due  to  foreign  metals  alloyed  in  varying  amounts  with  the 
calcium  samples. 

Kraus  and  Hurd  (4)  studied  equilibria  in  systems  involving 
calcium,  hydrogen,  and  nitrogen,  and  in  this  connection 
measured  the  dissociation  pressures  of  calcium  hydride  and  of 
calcium  nitride.  At  734°  C.  they  found  the  dissociation  pres¬ 
sure  of  pure  calcium  hydride  (CaH2)  to  be  4.2  mm.  of  mercury. 
At  792°  C.  the  pressure  had  risen  to  15.2  mm.  The  dissocia¬ 
tion  products,  however,  appear  to  be  hydrogen  and  a  sub¬ 
hydride  of  calcium,  for  hydrogen  heated  with  an  excess  of 
calcium  at  870°  C.  is  apparently  completely  absorbed.  These 
findings  are  in  general  agreement  with  the  work  of  Molden- 
hauer  and  Roll-Hansen  (7)  and  more  recently  that  of  Ephraim 
and  Michel  (2),  who  reported  a  subhydride  of  calcium  with  a 
high  dissociation  temperature.  The  smoothness  of  the  rapid 
reaction  between  the  metal  and  hydrogen  is  attributed  to  the 
great  solubility  of  the  subhydride  in  the  metal. 

1  Received  July  9,  1929. 


The  dissociation  pressure 
of  calcium  nitride  is  given  by 
Kraus  and  Hurd  as  0.3  X 
10-3  mm.  of  mercury  at  958° 
C.,  the  lowest  temperature  at 
which  experimental  measure¬ 
ments  were  made.  Whatever 
the  exact  mechanism  of  the 
reactions  of  calcium  with 
hydrogen  and  nitrogen,  it  is  certain  that  almost  complete 
absorption  takes  place.  Moreover,  as  was  first  pointed 
out  by  Soddy  (13),  most  of  the  other  common  gases  like¬ 
wise  react  with  hot  calcium  to  form  compounds  with  ex¬ 
tremely  low  dissociation  pressures.  Soddy  used  this  prop¬ 
erty  of  caleium  to  obtain  high  vacua  in  glass  containers.  At 
the  present  time  it  is  being  employed  on  a  large  scale  by  the 
incandescent  lamp  industry  for  removing  foreign  gases  from 
argon-filled  lamps.  It  appears  from  the  literature  (5)  that 
hot  calcium  with  water  vapor  reacts  to  form  the  oxide  and 
hydride;  carbon  monoxide  and  carbon  dioxide  give  the 
oxide  and  free  carbon  or  calcium  carbide  depending  upon  the 
temperature;  hydrogen  sulfide  gives  sulfide  and  hydride, 
while  sulfur  dioxide  yields  sulfide  and  oxide.  Methane,  ethyl¬ 
ene,  and  other  hydrocarbons  give  the  hydride  and  free  carbon 
or  the  carbide;  halogens  react  giving  the  corresponding  hal¬ 
ides;  and  the  halogen  acids  give  the  halides  and  hydride. 

Sieverts  and  Brandt  (12)  seem  to  have  been  the  first  to 
employ  the  activity  of  hot  calcium  for  purposes  of  gas  analy¬ 
sis.  Their  method  yields  data  reproducible  to  not  less  than 
0.1  per  cent.  For  example,  they  found  dried  air  to  contain 
1.06  per  cent  argon,  whereas  the  present  accepted  value  is 
0.94  per  cent  (3).  The  essential  fact  is  that  their  method  was 
based  on  change  in  pressure  caused  by  the  absorption  by  hot 
calcium  of  all  save  the  noble  gases.  Measurement  of  change 
in  pressure  at  constant  volume  and  temperature  is  likewise  the 
basis  for  the  analytical  procedure  about  to  be  described. 

Apparatus 

The  apparatus  under  discussion  has  been  kept  as  simple  as 
possible  commensurate  with  its  ability  to  measure  0.01  per  cent 
of  inert  gas.  In  the  accompanying  diagram  A  indicates  the 
reaction  chamber  blown  from  a  section  of  3-inch  (7.6-cm.) 
Pyrex  tubing.  At  one  end  it  is  drawn  out  to  a  neck  fitted  with 
a  ground-glass  stopper,  N,  through  which  are  sealed  tungsten 
leads,  M.  B  is  a  quartz  shield  tube  to  protect  the  glass  walls 
of  the  container,  and  is  held  in  position  by  two  aluminum 
collars,  EE.  The  collars  and  the  tube  were  placed  in  A 
before  A  was  drawn  down.  C  is  a  smaller  quartz  tube  of  a 
size  that  will  pass  through  the  neck  of  A.  It  is  wound  with 
nichrome  ribbon,  D,  the  two  ends  of  which  are  coupled  to 
copper  leads,  L.  K  indicates  calcium  metal  shavings.  Two 
brass  collars,  PP,  serve  to  hold  the  nichrome  ribbon  and  also 
to  center  the  tube  C  in  the  larger  tube  B.  The  current  neces¬ 
sary  to  heat  the  calcium  is  adjusted  by  the  variable  resistance, 
0,  and  is  led  in  through  the  tungsten  leads,  M,  sealed  through 
the  Pyrex  stopper  N.  The  leads  L  are  thick  enough  to  with¬ 
stand  a  certain  amount  of  stress  involved  in  pushing  and  pull¬ 
ing  the  tube  C  in  and  out  of  A  and  B.  To  assist  further  in 
this,  two  slender  hooked  brass  rods  (not  shown)  are  used.  At 


An  apparatus  is  described  which  permits  the  analysis 
of  various  gas  mixtures  for  the  noble  gases  by  a  method 
involving  absorption  of  all  common  gases  and  the  meas¬ 
urement  of  change  of  pressure  at  constant  volume. 

Samples  of  air,  nitrogen,  hydrogen,  and  oxygen  have 
been  analyzed.  Results  are  reproducible  to  within  0.002 
or  0.003  per  cent.  Sources  of  error  and  possible  improve¬ 
ments  in  the  apparatus  are  discussed. 
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the  other  end,  the  container  A  is  drawn  down  and  sealed  to  a 
3-way  stopcock  F.  One  outlet  of  F  connects  through  a  spiral 
glass  tube  and  a  second  3-way  stopcock,  G,  with  a  McLeod 
gage,  H,  and  a  closed-end  manometer,  7.  The  second  outlet  of 
F  is  connected  wuth  a  third  3-wray  stopcock,  which  com¬ 
municates  with  a  vacuum  pump  and  with  the  source  of  the 
sample  to  be  analyzed. 

Procedure 


this  paper,  no  attempt  was  made  to  bring  the  final  tempera¬ 
ture  back  to  exactly  the  initial  value.  The  pressure  was  read 
on  the  McLeod  gage  as  soon  as  the  outside  surface  of  A  felt 
cool  to  the  touch.  Undoubtedly  the  interior  of  B  was  still 
many  degrees  warmer  than  the  exterior  of  A,  but  the  effect 
of  the  heat  was  not  appreciable  in  the  reading  of  the  gage  be¬ 
cause  of  the  small  fraction  of  the  total  volume  of  gas  w'hich 
was  at  this  higher  temperature. 

A  modification  of  the  apparatus  as  it  has  been  described 


When  an  analysis  is  to  be  made,  all  parts  of  the  apparatus 
should  be  completely  evacuated  before  the  sample  is  intro¬ 
duced.  If,  however,  a  pump  capable  of  giving  a  high  vacuum 
is  not  available,  analyses  can  be  made  just  as  accurately  by 
means  of  a  pump  that  wTill  reduce  the  pressure  to  a  few  milli¬ 
meters.  In  this  case  the  procedure  is  to  evacuate  the  entire 
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Figure  X — Diagrammatic  Sketch  of  Apparatus  Used  in  Determination  of  Inert  Gas  Content  of  Gas  Mixtures 


apparatus  as  far  as  possible  by  opening  F  and  .7  to  the  pump. 
At  intervals  F  is  turned  to  communicate  through  G  with  the 
gage  and  manometer.  In  this  way  the  latter  are  evacuated 
without  difficulty,  since  their  capacity  is  small  compared  with 
that  of  A.  When  the  pressure  in  the  apparatus  is  reduced  to 
the  limit  of  the  pump,  .7  is  opened  to  the  sample  and  A  filled 
to  atmospheric  pressure.  By  turning  F  open  to  G  momen¬ 
tarily  and  again  bringing  A  to  atmospheric  pressure  by  re¬ 
opening  F  to  .7,  the  pressure  in  the  system  as  a  whole  will  be 
approximately  atmospheric  when  F  is  again  opened  to  G. 
If  the  refilling  and  evacuating  are  repeated  several  times,  the 
residual  air  in  the  apparatus  wTill  be  negligibly  small.  In  case 
the  gas  to  be  analyzed  is  available  only  in  small  amounts, 
the  apparatus  may  be  flushed  out  with  nitrogen  and  the  pres¬ 
sure  exerted  by  the  residual  nitrogen  at  the  time  the  sample  is 
taken  into  the  apparatus  subtracted  from  the  pressure  exerted 
by  the  sample.  The  pure  nitrogen  will,  of  course,  be  com¬ 
pletely  absorbed  by  calcium.  If  desired,  the  calcium  may  be 
heated  and  the  residual  nitrogen  removed  in  that  way  before 
the  sample  is  drawn  in. 

The  capacity  of  A  is  approximately  1500  cc.,  while  the 
capacity  of  the  McLeod  gage,  manometer,  and  connecting 
tube  is  about  150  cc.  The  tube  C  holds  only  10  or  15  grams  of 
calcium  shavings,  and  to  avoid  the  necessity  of  recharging  the 
tube  with  calcium  each  time,  the  pressure  of  the  sample  is 
kept  down  to  7  or  8  cm.,  or  less.  In  this  way  also  the  final 
pressure,  which  is  due  to  inert  gases  present,  may  be  fixed  at 
the  most  convenient  value  for  reading  on  the  McLeod  gage. 

In  the  apparatus  as  used,  two  extra  tungsten  leads  (not 
shown  in  the  diagram)  were  sealed  through  the  stopper  N  in 
order  to  make  use  of  a  thermocouple  for  temperature  regula¬ 
tion.  This  is  unnecessary,  since  visual  control  is  sufficient. 
When  the  nichrome  ribbon  glows  at  a  red  heat,  the  calcium  is 
sufficiently  hot  to  react  efficiently  and  quickly. 

After  the  reaction  of  the  calcium  with  the  gas  begins,  the 
pressure  decreases  very  rapidly  and  the  reaction  is  complete 
in  10  or  15  minutes.  The  calcium  is  reheated  and  cooled 
several  times  until  no  further  reduction  of  pressure  is  noted. 
Nitrogen  is  apparently  completely  absorbed  during  a  single 
heating.  In  the  analyses,  the  results  for  which  are  given  in 


might  very  easily  be  utilized  in  the 
purification  of  the  noble  gases. 

Later  in  this  paper  suggestions  wall 
be  offered  wuth  regard  to  improve¬ 
ments  which  would  doubtless  in¬ 
crease  the  accuracy  of  the  measurements. 

Experiment  Results 

Analyses  were  made  of  various  gas  mixtures.  All  samples 
were  dried  by  passing  through  a  drying  tube  filled  wdth  phos¬ 
phorus  pentoxide.  The  results  are  summarized  in  the  ac¬ 
companying  table. 

Analysis  of  Gas  Mixtures 


Material 

Original 

Final 

Residual 

Analyzed 

Pressure 

Pressure 

Gas 

Mm. 

Mm. 

Per  cent 

Air 

55.5 

0.524 

0.944 

60.2 

0.567 

0.942 

Nitrogen 

65.5 

0.050 

0.077 

49.0 

0.038 

0.078 

62.4 

0.048 

0.077 

64.6 

0.049 

0.076 

Hydrogen 

68. 1 

0.004 

0.006 

43.0 

0.004 

0.009 

Oxygen 

31.9 

0.031 

0.097 

43.2 

0.042 

0.097 

The  nitrogen  samples  were  taken  from  a  cylinder  filled  by 
a  commercial  firm  which  obtains  nitrogen  of  a  high  degree  of 
purity  by  fractional  distillation  of  liquid  air. 

Hydrogen  gas  generated  by  electrolysis  of  sodium  hydroxide 
in  cells  of  commercial  type  furnished  the  hydrogen  samples. 
The  constant  final  pressures  obtained  even  with  samples  of 
widely  varying  size  is  of  interest  and  wall  be  discussed  in 
another  place. 

The  oxygen  gas  was  taken  from  twro  cylinders  provided 
through  the  courtesy  of  a  local  firm,  one  sample  being  taken 
from  each  cylinder.  This  gas  was  also  prepared  by  fractional 
distillation  of  liquid  air  and  contains  a  somewhat  higher  per¬ 
centage  of  rare  gases  than  does  nitrogen.  This  might  be  ex¬ 
pected  from  a  comparison  of  the  boiling  points  of  oxygen, 
argon,  and  nitrogen. 
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Discussion  of  Sources  of  Error  and  Suggested  Improvement 

in  Apparatus 

Yery  probably  the  largest  source  of  error  in  the  apparatus 
as  described  in  this  paper  lies  in  the  reading  of  the  mercury 
manometer.  It  is  doubtful  if  the  differences  in  level  can  be 
read  with  an  accuracy  greater  than  ±0.2  mm.  unless  a  good 
grade  cathetometer  is  employed.  It  is  suggested  that  the 
initial  pressure  be  read  with  a  McLeod  gage  registering  to  0.5 
atmosphere.  Such  a  gage  can  be  read  with  an  accuracy  ex¬ 
ceeding  0.1  mm. 

Characteristics  inherent  in  the  McLeod  gage  introduce  an 
error  in  the  precise  reading  of  small  pressures.  For  example, 
variations  in  the  bore  of  the  capillary  may  exist.  The  per¬ 
sonal  error  also  enters  with  the  reading  of  the  differences  in 
level  of  the  mercury  columns.  A  discussion  of  these  charac¬ 
teristics  is  given  in  the  book  by  Dushman  entitled  “High 
Vacuum.” 

The  McLeod  gage,  the  empty  portion  of  the  mercury  ma¬ 
nometer,  and  the  connecting  glass  tube  were  not  heated  at  any 
time  in  the  making  of  the  analysis,  although  these  parts 
could  easily  be  heated  without  any  modification  of  the  appa¬ 
ratus.  The  following  quotation  from  Soddy  (13)  emphasizes 
the  necessity  of  this  in  order  to  bring  about  greater  accuracy: 

The  value  of  calcium  as  a  means  of  producing  the  highest 
vacuum  depends  on  its  power  to  absorb  almost  instantly  the  gases 
condensed  on  the  glass  walls  as  soon  as  the  latter  are  expelled  by 
heating.  As  is  well  known,  the  real  difficulty  in  the  production 
of  high  vacua  depends  not  as  much  on  the  removal  of  all  the  origi¬ 
nal  air,  which  is  comparatively  easily  and  quickly  accomplished 
even  with  a  pump,  but  on  the  effective  removal  of  the  gases 
which  are  condensed  on  the  glass  walls  of  the  vessel  being  ex¬ 
hausted,  and  which  tend  to  recondense  in  the  pump  when  driven 
out  of  the  vessel,  and  to  introduce  a  kind  of  steady  vapor  pres¬ 
sure  until  they  have  all  been  removed. 

It  may  be  explained  that  Soddy  excluded  the  noble  gases  from 


the  vessels  which  he  wished  to  evacuate  by  means  of  calcium . 
Adsorbed  gases  may  be  one  explanation  of  the  constant  final 
pressure  obtained  in  the  case  of  hydrogen  analyses.  This 
explanation  is  given  weight  by  the  findings  of  Sherwood  (10), 
who  observed  a  continuous  deterioration  of  vacuum  with  time 
in  glass.  In  the  light  of  the  findings  of  Kraus  and  Hurd  (4) 
it  is  doubtful  if  unabsorbed  hydrogen  in  the  presence  of  excess 
of  calcium  would  account  for  this  residual  pressure.  The 
spectroscope  could  be  used  in  establishing  the  facts  in  this  case. 

Temperature  variation,  at  the  times  of  the  initial  and  final 
pressure  readings,  introduces  a  small  error  which  could  be 
eliminated  by  the  use  of  a  removable  water  jacket.  There  is 
also  a  small  error  introduced  through  the  change  in  volume  of 
the  apparatus  caused  by  the  shifting,  of  the  mercury  columns* 
when  the  sample  is  absorbed  by  the  calcium.  This  factor  is 
reduced  to  a  negligible  value  in  the  apparatus  here  described 
because  of  the  comparatively  great  volume  of  the  chamber  A. 
Sieverts  and  Brandt  (12)  found  it  necessary  to  calculate  a 
correction  for  this  factor  in  their  work  because  of  the  small 
size  of  their  gas  samples. 
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Determination  of  Total  Moisture  in  Carbon  Blacks 

C.  M.  Carson 

Goodyear  Tire  &  Rubber  Company,  Akron,  Ohio 


I N  THE  course  of  an  extended  research  on  various  grades 
*■  of  carbon  black,  determinations  of  total  moisture  were 
made  by  an  adaptation  of  an  old  method.  The  method  used 
\vas  similar  to  one  described  by  Allen  and  Jacobs  (1)  for 
measuring  water  in  tar.  The  chief  difference  in  the  present 
method  is  that  small  amounts  of  moisture  in  carbon  blacks 
must  be  weighed,  whereas  the  larger  amounts  in  tar  could  be 
measured.  The  difficulties  in  weighing  the  evolved  moisture 
are  described  in  the  ensuing  method  of  determination. 

Five  grams  of  carbon  black  were  placed  in  a  500-cc.  round- 
bottom  flask  with  25  to  35  cc.  of  dry  xylene  and  200  cc.  of  dry 
mineral  oil.  A  short  air  condenser  led  to  the  bottom  of  a 
25-cc.  distilling  flask,  which  in  turn  was  connected  to  two  or 
more  calcium  chloride  tubes.  The  flask  containing  the 
sample  was  heated  to  159-175°  C.  in  an  oil  bath,  a  stream  of 
dry  nitrogen  being  passed  through  the  apparatus.  The  water 
and  xylene  were  distilled  into  the  small  distilling  flask  and 
thence,  by  warming  in  a  water  bath,  into  the  calcium  chloride 
tubes,  the  current  of  nitrogen  being  continued.  It  required 
but  a  few  minutes  to  remove  the  water  from  the  xylene,  indi¬ 
cated  by  the  disappearance  of  cloudiness,  and  the  calcium 
chloride  tubes  were  then  connected  directly  to  the  nitrogen 
line  and  the  gas  was  passed  through  until  the  tubes  reached 
constant  weight.  Xylene  is  not  adsorbed  by  calcium  chloride 
and  nitrogen  does  not  remove  water  from  it  at  room  tem¬ 
perature  during  the  time  required  for  the  experiment.  The 

1  Received  June  13,  1929. 


increase  in  weight  of  the  calcium  chloride  tubes  is  the  amount 
of  water  in  the  sample  of  carbon  black.  The  amount  of  water 
thus  determined  is  considerably  higher  than  the  105°  C.  oven 
loss  in  5  hours,  and  indicates  that  most  of  the  moisture  is  of 
the  “bound”  or  “capillary”  type. 

A  comparison  of  the  moisture  as  determined  by  the  xylene 
method  and  the  105°  C.  oven  is  shown  in  the  table: 

Total  105°  C.  Total  105°  C. 


Black 

h2o 

Loss 

Black 

HsO 

Loss 

% 

% 

% 

% 

Micronex  No.  1 

5.75 

1.42 

High-temperature  black  6 

0.87 

0.30 

Micronex  No.  2 

5.96 

1.85 

Acetylene  black  No.  1 

3.19 

0.07 

Micronex  No.  3 

5.20 

1.56 

Acetylene  black  No.  2 

3.67 

0.07 

Heated  Micronex 

Goodwin 

1 .50 

0.33 

(950°  C.)a 

0.98 

0.00 

Thermatomic  (Special) 

1.25 

0.10 

Cabot  No.  1 

4  88 

1.79 

Lampblack 

6.75 

3. 2& 

Cabot  No.  3 

3.54 

1.66 

Super-Spectra 

1.07 

0. 10 

Cabot  No.  2 

5.41 

1.57 

Zinc  oxidec 

0.75 

0.02 

a  Heated  10  minutes  at  950°  C.  in  a  closed  crucible. 
b  Made  at  1500°  C. 
c  Added  for  comparison. 


The  relationship  of  this  “bound”  moisture  to  any  physical 
property  of  a  rubber  mix  containing  the  black  could  not  be 
shown.  It  is  probable  that  other  characteristics  of  the  black, 
such  as  adsorptive  capacity,  particle  size,  etc.,  are  more 
effective  in  causing  variations  than  the  amount  of  moisture. 
Nevertheless  the  large  amount  of  water  in  blacks  as  compared 
with  that  in  other  pigments,  such  as  zinc  oxide,  is  indicative 
of  their  relative  adsorptive  capacities. 

(1)  Allen  and  Jacobs,  Orig.  Com.  8th  Intern.  Appl.  Chem.,  10,  17  (1912); 
C.  A.,  6,  3178  (1912). 
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Analyses  of  Some  Natural  Gasoline  Gases  before 

and  after  Treatment1 

H.  C.  Allen 

University  of  Kansas,  Lawrence,  Kansas 


ALTHOUGH  the  natural  gasoline  industry  has  been  in 
existence  a  good  many  years,  it  has  been  only  the  last 
year  or  two  that  real  efforts  have  been  made  to  de¬ 
termine  the  exact  composition  of  the  gases  from  which  the 
gasoline  has  been  obtained,  together  with  the  composition  of 
the  residue  gases.  The  usual  tests,  such  as  combustion  analy¬ 
ses,  gravity,  absorption  in  oils,  etc.,  and  the  different  field  tests 
have  a  certain  value  but  their  limitations  are  well  known. 
The  results  differ  quite  widely  when  made  on  gases  of  varying 
composition  and  with  the  variations  commonly  used  in  mak¬ 
ing  the  tests  they  leave  considerable  uncertainty  as  to  the 
design  of  a  plant  and  what  may  be  expected  in  practice. 
A  knowledge  of  the  exact  composition  of  the  gases  to  be  treated 
is  desirable  when  designing  a  plant,  and  after  a  plant  has  been 
installed  analyses  of  the  raw  and  treated  gases  will  furnish 
much  valuable  information  as  to  proper  operating  conditions. 

The  rapidly  increasing  demand  for  the  propane  and  butane 
fractions  will  also  make  analyses  of  this  kind  valuable,  since 
the  usual  tests  throw  very  little  light  on  the  individual  hydro¬ 
carbons.  Only  a  small  percentage  of  the  propane  usually 
present  in  natural  gas  is  removed  by  the  absorption  plant  at 
the  present  time,  while  from  30  to  50  per  cent  of  the  butane 
may  be  taken  out.  With  a  demand  for  these  products  there 
is  no  doubt  but  that  in  the  future  the  design  of  plants  and 
operating  conditions  will  be  materially  altered  in  such  a 
way  as  to  obtain  more  of  these  products,  wrhich  until  now 
have  been  undesirable.  As  a  matter  of  fact,  it  may  not  be 
long  before  plants  will  be  designed  for  the  purpose  of  obtaining . 
these  two  products  wiiile  any  natural  gasoline  recovered  will 
be  considered  as  a  by-product. 

Analytical  Data 

The  following  data  on  three  natural  gasoline  plants  using 
mineral  seal' absorption  oil  were  selected  as  representing  three 
rather  different  gases  so  far  as  gasoline  content  is  concerned, 
and  it  is  believed  indicate  about  what  may  be  expected  from 
plants  operating  on  such  gases  at  the  present  time.  Combus¬ 
tion  analyses  of  the  gases  are  also  given  for  the  sake  of  com¬ 
parison  and,  as  would  be  expected,  the  percentages  of  the 
constituents  calculated  in  this  way  are  quite  different  from 
those  actually  present  in  the  gases. 

It  will  be  noted  that  the  residues  obtained  from  fractiona¬ 
tion  and  combustion  methods,  which  should  be  identical, 
are  not  in  very  close  agreement,  while  the  calculated  heating 
values  are  fairly  satisfactory  in  this  respect.  Any  strictly 
additive  property  should  be  the  same  whether  calculated  from 
fractionation  or  combustion  analyses,  and  heating  values  and 
gravities  are  very  nearly  additive.  In  each  case  the  per¬ 
centages  of  methane  and  ethane  increase  in  the  treated  gases, 
while  the  higher  hydrocarbons  decrease,  and  this  is  probably 
true  generally  in  absorption  plants. 

The  actual  composition  of  each  raw  gas  shows  a  rather 
regular  decrease  as  we  pass  from  the  methane  to  the  higher 
hydrocarbons,  but  this  is  not  true  in  all  natural  gases,  as 
some  have  been  examined  that  show  more  hexane  than  pen¬ 
tane  present.  This  point  wras  checked  up  rather  carefully 
and  is  believed  to  be  correct.  In  work  done  at  the  Lhiiversity 

1  Received  April  16,  1929.  Presented  before  the  Division  of  Petroleum 
Chemistry  at  the  77th  Meeting  of  the  American  Chemical  Society,  Colum¬ 
bus,  Ohio,  April  29  to  May  3,  1929. 


of  Kansas  heptane  is  the  highest  hydrocarbon  that  has  been 
determined  in  natural  gases,  but  traces  of  octane  have  been 
detected. 

It  will  be  noted  that  in  each  case  the  gasoline  not  absorbed, 
which  may  be  considered  as  the  pentane  fraction  left  in  the 
residue  gas,  amounts  to  about  0.2  per  cent-,  or  slightly  less 
than  0.1  gallon  per  thousand  feet  of  gas.  This  seems  to  be 
about  the  limit  of  absorbability  in  practice,  though  no  doubt 
it  could  be  diminished  by  using  larger  quantities  of  absorbing 
oil.  Residue  gases  have  been  examined  that  contained  as 
much  as  0.9  per  cent  of  pentane,  which  shows  a  very  poor  re¬ 
covery. 


Analyses  of  Some  Natural  Gasoline  Gases 
(All  results  calculated  air-free) 


Con- 

Gas  A 

Gas  B 

Gas  G 

STITUENT 

Raw  Treated 

Raw  Treated 

Raw  Treated 

FRACTIONATION  ANALYSES 


Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

CH, 

85.8 

86.1 

65.8 

70.2 

41.4 

46.1 

C;Hs 

6. 5 

7.4 

10.5 

11.1 

24.4 

28.7 

Calls 

3.6 

3.0 

7.6 

6.4 

16.7 

15.5 

C4H10 

1.2 

0.9 

3.6 

1.9 

6.8 

4.3 

C3H12 

0.5 

0.2 

1.6  + 

0.2  + 

4.9 

0.2 

C6Hh 

Trace 

1.0 

Trace 

1.2 

Trace 

C7Hl6 

Trace 

0.1 

CO2 

6.3 

6.2 

0,7 

6.5 

0.7 

6.7 

Residue 

2.1 

2.2 

9.1 

9.7 

3.8 

4.5 

B.  t.  u. 

1131 

1113 

1270 

1138 

1755 

1509 

Lbs.  per  1000  ft. 

Lbs.  per  1000  ft. 

Lbs.  per  1000  ft. 

C3Hs 

4.19 

3.49 

8.85 

7.45 

19.43 

18.03 

C4Hs 

1.84 

1.38 

5.52 

2.92 

10.44 

6.60 

Gallons  per 

Gallons  per 

Gallons  per 

lOOO  ft. 

lOOO  ft. 

lOOO  ft. 

C5H12 

0.183 

0.073 

0.584 

0.088 

1.79 

0.078 

CeHu 

0.41 

Trace 

0.494 

Trace 

C7H16 

Trace 

0.043 

COMBUSTION  ANALYSES 


Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

cm 

78.05 

78.80 

43.45 

58.40 

20.97 

CaHe 

19.58 

18.64 

46.50 

31.60 

88.10 

74.20 

C.iHs 

7.96 

CO. 

0.26 

0.23 

6  69 

6.44 

0.76 

0.74 

Residue 

2.11 

2.33 

9.36 

9.56 

3.18 

4.09 

B.  t.  u. 

1133 

1117 

1259 

1148 

1765 

1519 

SALABLE  GASOLINE  RECOVERED 


Gallons  per 

1000  ft. 
(about) 

0.1 

0.9 

2.2 

Shrinkage, 

per  cent 
(about) 

1 

6 

14 

The  quantitative  connection  between  the  volume  of  the  rawT 
gas  and  the  residue  gas  is  not  very  certain  from  the  data 
usually  obtained;  howrever,  where  there  is  a  considerable 
residue  in  a  gas  it  may  be  assumed  that  this  is  only  slightly 
affected  in  the  absorbing  process.  With  this  assumption  it 
has  calculated  in  a  number  of  cases  that  the  total  gas  absorbed 
will  be  slightly  more  than  twice  the  pentane  and  higher  hydro¬ 
carbons  actually  absorbed.  This  value  checks  fairly  well 
with  the  measured  volumes  when  it  has  been  possible  to  obtain 
such  data. 

Methods  of  Analysis 

Details  of  the  method  used  in  the  analyses  would  require 
considerable  space,  but  in  a  general  way  the  published  meth- 
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ods,  with  numerous  modifications,  were  followed.  The  gases 
were  fractionated  by  means  of  liquid  air  at  different  tempera¬ 
tures  and  as  much  of  the  work  was  a  check  on  modifications 
of  the  apparatus  and  manipulation  as  well  as  on  the  gases, 
the  fractions  were  analyzed  by  combustion  methods.  To 
eliminate  variations  in  molecular  volumes  and  any  ab¬ 
sorption  of  carbon  dioxide  after  combustion,  the  higher  frac¬ 
tions  were  calculated  from  the  combustion  data  by  combining 


the  carbon  dioxide  and  contraction  and  using  this  combined 
value  with  the  oxygen  consumed.  This  involves  no  additional 
manipulation,  since  there  are  no  residues  in  these  higher  frac¬ 
tions.  Three  or  four  fractionations  gave  a  rather  pure  prod¬ 
uct,  but  in  practically  all  cases  the  combustion  analyses 
indicated  the  presence  of  two  hydrocarbons.  For  some 
reason  the  propane  fraction  seemed  to  be  the  easiest  to  obtain 
in  a  fairly  pure  condition. 


Detection  and  Determination  of  Carbon  Disulfide 

and  Sulfur  in  Fluids' 

A  Colorimetric  Method 

J.  A.  Pierce2 

The  Johns  Hopkins  University,  Baltimore,  Md. 


THE  practice  of  adulterating  pressed  oil  with  pulp-ex¬ 
tracted  oil  has  resulted  in  the  presentation,  from  time  to 
time,  of  qualitative  methods  for  the  detection  of  traces 
of  carbon  disulfide  in  the  product.  The  literature  has  also 
brought  up  the  problem  of  determining  the  presence  of  free 
sulfur  in  those  pulp  oils  that  have  been  so  thoroughly  refined 
that  carbon  disulfide  is  absent. 

Most  of  the  recognized  tests  for  carbon  disulfide  are  not 
reactive  with  free  sulfur.  In  1926  Saccardi  (6‘),  for  instance, 
presented  his  lead  plaster  method  for  the  detection  of  carbon 
disulfide  and  claimed  it  to  be  sensitive  to  1  part  in  1,160,000 
of  carbon  disulfide  in  olive  oil.  Conzoneri  ( 1 )  objected  to  it 
on  the  grounds  that  it  was  useless  in  those  oils  that  had  been 
so  super-refined  that  no  carbon  disulfide  was  present.  Sac- 
cardi’s  description  of  his  own  technic  is  evidence  that  it  is 
useless  in  detecting  free  sulfur.  Its  general  application  is 
therefore  limited.  The  method  of  Fachini  (2)  was  tried  out 
in  the  author’s  laboratory  and  found  to  give  the  cherry-red 
color  with  any  olive  oil,  either  virgin  or  extracted. 

Other  methods  have  been  presented  which  are  sensitive 
either  to  carbon  disulfide  or  to  sulfur,  and  which  are  credited 
with  giving  very  satisfactory  results,  but  their  technic  is  too 
involved  and  too  much  time  is  consumed  in  arriving  at  a 
result.  Thus,  the  Milliau  test  (4)  is  stated  as  being  sensitive 
to  0.05  per  cent  of  carbon  disulfide,  but  it  has  the  disadvantage 
of  requiring  the  use  of  a  sealed  tube  and  several  hours  of 
manipulation.  Again,  the  thallo-acetylacetone  method  of 
Kurowski,  discussed  by  Utz  (7),  is  also  tedious,  and  has  been 
found  sensitive  to  only  1  per  cent  with  certainty.  Such 
processes  have  no  place  in  the  commercial  laboratory  where 
rapid  work  is  imperative. 

One  method  of  detecting  carbon  disulfide  readily  is  that 
which  results  in  the  precipitation  of  easily  identified  crystals 
of  metallic  xanthates.  This  is  official  in  the  U.  S.  Pharma¬ 
copeia  X  for  testing  carbon  tetrachloride  for  carbon  disulfide. 
Even  this  method  may  require  3  hours  of  waiting.  A  study 
of  the  literature  in  regard  to  the  xanthate  test  fails  to  disclose 
any  authoritative  claim  for  great  sensitiveness,  and  Milliau  (-5) 
vigorously  disapproves  of  it  on  this  ground.  Evidently  its 
popularity  is  largely  dependent  upon  its  simplicity. 

The  purpose  of  this  paper  is  to  present  what  the  writer 
believes  is  an  original  method  for  the  detection  of  carbon  di¬ 
sulfide,  which  combines  extreme  sensitiveness  with  ease  of 
manipulation  and  speed.  The  test  can  be  carried  out  in  less 
than  5  minutes,  and  is  sensitive  at  least  to  1  part  of  carbon 

1  Received  June  14,  1929. 

2  Fellow,  The  Johns  Hopkins  University. 


disulfide  in  30,000  parts  of  oil  or  other  inert  liquid.  The 
work  has  been  carried  on  chiefly  with  olive  oil,  but  exhaustive 
tests  were  also  made  with  carbon  tetrachloride,  chloroform, 
and  ether.  Results  have  been  so  uniformly  satisfactory  that 
its  use  is  recommended  in  all  liquids  in  which  carbon  disulfide 
is  likely  to  be  found  with  the  exception  of  those  that  are 
opaque,  very  highly  colored,  or  are  themselves  reactive  with 
the  reagent.  As  an  instance  of  the  last  case,  the  reagent  re¬ 
acts  with  carbon  tetrachloride  with  the  formation  of  a  tran¬ 
sient  port-wine  color,  but  the  test  easily  identifies  the  presence 
of  carbon  disulfide  by  the  formation  of  a  precipitate  not  found 
when  carbon  disulfide  is  absent. 

The  Reagent 

In  1905  Von  Nagy  Ilosva  ( 8 )  presented  his  paper  on  the 
determination  of  the  triple  bond  in  organic  compounds,  with 
special  reference  to  acetylene.  During  the  course  of  an  ex¬ 
periment  with  allylene  the  present  writer  discovered,  quite 
accidently,  that  Von  Nagy  Ilosva’s  reagent  gave  a  character¬ 
istic  reaction  with  carbon  disulfide,  and  became  so  interested 
in  the  peculiar  characteristics  of  the  Ilosva  solution  that  work 
was  undertaken  which  resulted  in  this  paper. 

Von  Nagy  Ilosva’s  directions  for  making  his  reagent  are  as 
follows:  Dissolve  1  gram  of  copper  sulfate  (nitrate  or  chloride) 
in  a  small  amount  of  water  in  a  50-cc.  graduated  flask.  Add 
4  cc.  of  strong  ammonium  hydroxide,  and  then  3  grams  of 
hvdroxylamine  hydrochloride.  The  latter  completely  de¬ 
colorizes  the  copper  solution.  Then  add  water  to  the  mark 
and  shake  the  flask.  The  resulting  reagent  is  that  used  in 
our  work.  It  must  be  kept  in  the  dark  and  should  not  be 
used  when  it  is  much  more  than  a  week  old.  Deterioration 
is  shown  by  a  blue  color  which  sometimes  appears  with 
startling  suddenness. 

Materials 

The  chemicals  used  in  the  preparation  of  the  reagent,  as 
well  as  the  chloroform,  were  of  analyzed  quality" .  Oils  were 
obtained  from  a  reputable  importer,  had  passed  standard 
tests  for  purity,  and  were  further  tested  for  carbon  disulfide 
by  the  xanthate  method  with  negative  results.  The  history 
and  origin  of  these  oils  were  known. 

Method  of  Determination 

The  oil  to  be  examined  is  diluted  one-half  with  pure  chloro¬ 
form  to  reduce  its  viscosity  and  to  increase  the  specific  gravity 
of  the  solution  to  the  extent  that  the  reagent  may  float  on  the 
top  after  shaking.  Five  cubic  centimeters  of  the  oil  solution 
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are  placed  in  a  test  tube,  2  cc.  of  the  reagent  are  added,  the 
tube  is  stoppered  and  tilted  back  and  forth  for  half  a  minute 
or  so,  and  then  placed  aside  for  observation.  Violent  shaking 
is  to  be  avoided  as  being  unnecessary  and  also  conducive  to 
the  formation  of  a  slowly  separating  emulsion. 

Experimental  Work 

The  reagent,  shaken  with  pure  carbon  disulfide,  instantly 
reacts  with  the  formation  of  an  opaque,  chocolate-colored 
aqueous  solution.  In  a  minute  the  solution  clears,  and  a 
heavy,  slimy  precipitate  of  the  same  color  floats  at  the  inter¬ 
face  of  the  two  phases.  This  is  the  typical  reaction. 

Oils,  diluted  one-half  with  chloroform  and  treated  with 
exactly  determined  concentrations  of  carbon  disulfide,  were 
tested  as  above.  Work  started  with  1  per  cent  of  carbon  di¬ 
sulfide,  and  further  tests  were  made  with  solutions  stepped 
dowrn  to  0.0033  per  cent  of  carbon  disulfide.  The  character¬ 
istic  reaction  was  evident  in  all  cases,  the  only  difference  being 
the  depth  of  the  color  of  the  first  formed  solution  and  the 
amount  of  the  subsequent  precipitation.  As  the  work  pro¬ 
ceeded  it  became  obvious  that  an  operator  familiar  with  the 
color  effects  obtained  could  determine  with  almost  quantita¬ 
tive  precision  the  amount  of  carbon  disulfide  present.  The 
limit  was  not  reached  even  at  0.0033  per  cent,  but  it  was 
decided  that,  for  the  purpose  intended,  no  greater  delicacy 
was  necessary. 

Experiments  were  carried  on  with  carbon  disulfide-free  oil 
which  had  been  shaken  with  precipitated  sulfur  and  then 
carefully  filtered  through  paper.  The  dissolved  sulfur  in¬ 
stantly  reacted  with  the  test  solution,  forming  a  dense,  deep, 
black  precipitate  with  a  metallic  luster.  There  was  no  pre¬ 
liminary  coloring  of  the  solution.  These  experiments  were 
positive  even  when  the  known  sulfur  content  was  extremely 
small. 

Experiments  were  made  on  oils  containing  both  carbon 


disulfide  and  free  sulfur.  Differentiation  between  the  two 
is  not  easy  with  the  unaided  eye,  but  microscopic  examination 
shows  the  presence  of  a  brown  and  of  a  black  precipitate,  both 
clearly  distinguishable. 

An  effort  was  made  to  determine  the  identity  of  these  two 
precipitates.  That  formed  when  free  sulfur  reacts  with  the 
solution  is  cuprous  sulfide.  The  brown  precipitate  formed 
as  the  result  of  reaction  between  carbon  disulfide  and  the 
reagent  is  believed  to  be  a  mixture  of  cuprous  sulfide  and  a 
substance  described  by  Mellor  (S)  as  being  the  resultant  of 
the  reaction  between  carbon  disulfide  and  hydroxylamine. 
Mellor’s  substance  is  described  by  him  as  being  at  first  yellow, 
then  orange,  and  then  precipitating  sulfur.  The  aqueous 
filtrate  from  the  resultants  of  the  reaction  between  carbon 
disulfide  and  the  reagent  was  found  by  the  writer  to  give  these 
same  color  effects.  Continued  washing  of  the  precipitate 
left  behind  a  black  substance  reacting  for  cuprous  sulfide. 
It  is  therefore  assumed  that  the  brown  precipitate  is  a  mixture 
of  black  cuprous  sulfide  and  the  yellow  or  orange  material 
such  as  Mellor  describes. 
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The  Segregation  of  Analyzed  Samples1 

G.  Frederick  Smith,  L.  V.  Hardy,  and  E.  L.  Gard 

University  of  Illinois,  Urbana,  III. 


IN  THE  preparation  for  analysis  of  samples  consisting 
of  two  or  more  solids  it  is  essential  that  the  various  com¬ 
ponents  be  mixed  to  uniformity.  It  is  equally  important 
that  such  samples  show  no  tendency  to  segregate  under 
normal  conditions  of  storage  and  transportation.  Many 
investigations  concerning  proper  procedure  in  sampling  for 
analysis  are  recorded,  but  no  study  was  found  dealing  with 
the  question  of  segregation.  This  paper  presents  the  re¬ 
sults  of  such  an  investigation  with  particular  reference  to 
samples  prepared  for  student  use. 

Coarsely  ground  mixtures  of  two  or  more  solid  materials 
differing  in  density  will  segregate  upon  jarring  which  re¬ 
sults  from  transportation  or  storage  under  conditions  subject 
to  vibration.  The  magnitude  of  the  segregation  may  be 
considered  as  inversely  proportional  to  the  degree  of  subdi¬ 
vision  and  directly  proportional  to  the  differences  in  den¬ 
sity  of  the  mixed  materials.  Since  the  differences  in  density" 
cannot  be  changed  in  any  particular  case,  the  degree  of  sub¬ 
division  represents  the  controlling  variable. 

The  proportion  of  the  total  weight  of  a  given  solid  con¬ 
stituting  its  surface  is  inversely  proportional  to  the  square 
of  the  particle  diameter.  The  resistance  to  segregation  may 

1  Presented  before  the  division  of  Chemical  Education  of  the  77th 
Meeting  of  the  American  Chemical  Society,  Columbus,  Ohio,  April  29  to 
May  3,  1923. 


be  considered  as  the  result  of  intermolecular  surface  attrac¬ 
tion.  Accordingly  anti-segregation  properties  may  be  de¬ 
veloped  by  decreasing  the  particle  size.  Since  surface  in¬ 
crease  varies  inversely  as  the  square  of  the  diameter  of  the 
particle  size,  the  tendency  to  segregate  may  be  lessened  with 
materials  quite  variable  in  density  by  grinding  to  smaller 
size. 

Apparatus 

A  cylindrical  section  of  thin  brass  tubing  4  inches  (10  cm.) 
in  length  and  of  approximately  1-inch  (2.5-cm.)  bore  was 
sawed  into  six  equal  parts.  Five  parts  were  provided  with 
collars  made  from  b/j-ineh  (6-mm.)  sections  of  another  brass 
tube  of  bore  just  sufficient  to  permit  the  insertion  of  the  sec¬ 
tions  of  the  first  tube.  The  larger  sections  were  soldered  to  the 
smaller,  leaving  half  their  width  protruding.  The  sixth  sec¬ 
tion  was  then  soldered  to  a  disk  of  sheet  brass  to  serve  as  the 
bottom  cell  and  the  five  sections  with  collars  were  placed 
together  to  form  a  column.  A  second  removable  disk  of 
sheet  brass  served  as  a  cover.  The  six  cells  were  clamped 
together  by  means  of  three  brass  rods  riveted  to  the  outside 
edge  of  the  base  and  passed  through  holes  in  the  cover,  which 
was  fastened  down  by  means  of  thumb  screws.  The  six 
sections  assembled  are  shown  at  A,  Figure  1. 

The  remainder  of  the  jarring  machine  (Figure  1)  consisted 
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of  two  circular  wooden  pulleys,  B,  provided  with  metal  bush¬ 
ings  fitting  over  a  Vs-inch  (9-mm.)  vertical  shaft.  The 
shaft  was  mounted  in  a-  heavy  metal  base,  and  the  two  pulley 
wheels  were  separated  by  a  metal  runway,  C,  made  from  a 
1-inch  (2.5-cm.)  section  of  a  tube  4  inches  (10  cm.)  in  diameter 
machined  to  contain  two  12-mm.  vertical  offsets  and  a  gradual 
rise  between  and  fastened  firmly  to  the  bottom  pulley.  On 
the  bottom  side  of  the  upper  pulley  were  two  small  wheels 
supporting  it  on  the  runway.  The  sample  containers  were 
fastened  to  the  opposite  side  directly  above.  The  bottom 
pulley  was  turned  by  means  of  a  belt  and  motor  with  reduc¬ 
ing  shaft  and  its  revolutions  were  counted  and  recorded 
automatically.  The  top  pulley  was  prevented  from  revolving 
but  a  short  distance  by  means  of  a  horizontal  bar  fastened 
to  the  shaft,  D,  against  one  of  the  uprights.  The  turning 
of  the  bottom  pulley  raised  the  upper  pulley  through  a  dis¬ 
tance  of  approximately  12  mm.  and  allowed  it  to  fall  twice 
during  each  revolution  and  approximately  200  times  per 
minute.  Besides  the  resulting  vertical  jar,  there  was  an 
equal-numbered,  but  much  less  intense,  horizontal  jar  due 
to  the  partial  turning  of  the  upper  pulley  as  the  result  of  a 
frictional  torque  between  the  two. 

The  remainder  of  the  apparatus,  E,  consisted  of  a  familiar 
carriage  for  two  small  ball-mill  jars  for  the  preparation  of 
the  samples.  The  jarring  apparatus  and  the  carriage  were 
operated  by  one  motor.  A  powdered  sample  of  iron  ore, 
when  jarred  by  falling  through  the  distance  of  y2  inch  (1.3 
cm.)  a  million  times,  settled  down  to  such  an  extent  as  to 
fill  but  slightly  more  than  four  of  the  six  sections  of  the  tower. 
Other  powders  settled  varying  amounts,  usually  three-fourths 
to  two  sections,  the  contents  of  each  full  section  would  always 
have  to  be  forced  out  when  the  tower  sections  were  separated 
after  jarring  a  million  times.  The  machine  required  approxi¬ 
mately  90  hours’  operation  for  this  number  of  falls,  and  in 
all  cases  at  least  this  period  was  employed. 

Effect  of  Degree  of  Subdivision 

Mixture  of  Arsenic  Trioxide  and  Potassium  Sul¬ 
fate — The  case  of  two  mixtures  found  to  segregate  upon 
test  will  be  given  first.  A  mixture  of  arsenic  trioxide  and  po¬ 
tassium  sulfate  was  ground  in  the  ball  mill  for  a  period  of 
time  thought  to  be  adequate  to  guarantee  uniformity  and  to 
produce  a  sufficient  fineness  of  division.  Xo  directions  being- 
available  for  this  case,  the  degree  of  subdivison  before  and 
after  grinding  was  not  tested  and  its  actual  uniformity  not 
questioned. 

The  analyses  of  the  separate  sections  and  related  data  are 

given  in  Table  I. 


Table  I — Segregation  of  a  Mixture  of  Arsenic  Trioxide  and  Potassium 

Sulfate 


Sec- 

Wt.  Ma- 

AS2O3 

As-iOj 

TION 

TERIAL 

AS2O3 

Error 

Theory 

Found 

Error 

Grams 

% 

% 

Grams 

Grams 

Gram 

l 

4.52 

21.39 

-11.88 

1.50 

0.97 

-0.53 

2 

15.68 

35. 15 

+  1.87 

5.22 

5. 51 

+  0.29 

3 

12.93 

34.18 

+0.91 

4.30 

4.42 

+  0.12 

4 

13.99 

33.43 

+0.16 

4 . 65 

4.68 

+0.03 

5 

13.72 

33.60 

+0.33 

4.56 

4.61 

~r0. 05 

6 

Total 

14.08 

74.92 

33.36 

+0.09 

4.68 

4.70 

24.89 

+0.02 

AS2O3  in  original  mixture,  33.27  per  cent. 

AS2O3  calculated  from  sectional  analyses.  33.21  per  cent. 

Densities:  AS2O3  —  3.9;  K2SO4  =  2.66. 

The  original  sample  was  uniform,  as  shown  by  the  dupli¬ 
cation  of  results  obtained  on  individual  samples. 

Mixture  of  Mercuric  Oxide  and  Potassium  Sulfate — 
The  second  example  illustrating  segregation  was  a  mixture 
of  approximately  22  per  cent  mercuric  oxide  and  78  per  cent 
potassium  sulfate.  The  data  are  given  in  Table  II. 

Table  II  shows  that  the  segregation  is  greatly  diminished 
but  is  distinctly  apparent  in  the  two  top  sections.  The 
difference  in  sections  2,  3,  and  4  is  hardly  greater  than  the 


experimental  error  involved.  Sections  5  and  6  showed  no 
differences  over  the  original  composition. 

Table  II — Segregation  of  a  Mixture  of  Mercuric  Oxide  and  Potassium 

Sulfate 


Sec-  Wt.  Ma-  HgO  HgO 


TION 

TERIAL 

HgO 

Error 

Theory 

Found 

Error 

Grams 

% 

% 

Grams 

Grams 

Gram 

1 

2.47 

20.85 

0.65 

0.548 

0.515 

-0.033 

2 

16.08 

22.31 

0.11 

3.569 

3.586 

+0.017 

3 

15.48 

22.34 

0.14 

3.436 

3.457 

+0.021 

4 

15.05 

22.30 

0.10 

3.341 

3.356 

+  0.015 

5 

14.30 

22.23 

0.03 

3.115 

3.119 

+0.004 

6 

16.07 

22.20 

0.00 

3.568 

3.568 

0.000 

HgO  in  originial  mixture,  22.20  per  cent. 

HgO  calculated  from  section  analyses,  22.16  per  cent. 
Densities:  HgO  =  11.0;  K2SO1  =  2.66. 


Since  the  densities  of  arsenic  trioxide  and  mercuric  oxide 
are  at  great  variance — 3.9  and  1T.0,  respectively — the  re¬ 
sults  found  were  decidedly  the  reverse  of  those  predicted. 
One  difference  consisted  in  the  fineness  of  division.  In  the 
case  of  the  second  mixture  all  passed  a  100-mesh  sieve  and 
10  per  cent  passed  through  a  200-mesh  sieve,  whereas  94 
per  cent  of  the  mixture  containing  arsenic  trioxide  passed 
a  100-mesh  and  74  per  cent  a  200-mesh  screen  ( 1 ).  The 
degree  of  subdivision  alone  is  not,  therefore,  the  only  con¬ 
trolling  factor. 

Effect  of  Surface  Energy 

Surface  energy  might  be  considered  as  a  contributing 
factor.  According  to  Dundon  ( 2 )  the  surface  energy  of  a 
series  of  substances  is  roughly  proportional  to  then-  density 
and  inversely  proportional  to  then-  molecular  weight.  In 
the  case  of  the  two  mixtures  studied,  since  one  common 
component  (K2S04)  is  present,  the  respective  surface  energies 
of  the  other  components  (As203  and  HgO)  may  be  compared. 
Since  their  molecular  weights  are  practically  the  same,  re- 


Figure  1 

sistance  to  segregation  would  be  predicted  in  greater  degree 
for  the  more  dense  material — the  mercuric  oxide.  The  facts 
are  in  agreement  with  the  assumptions.  If  surface  energy 
ill  reality  does  play  a  part,  the  effect  is  obtained  with  ma¬ 
terials  comparatively  large  (approximately  15  to  25  p) 
hi  particle  size.  Surface  energy  increases  to  be  demon¬ 
strated  by  determination  of  increase  in  solubility  of  small 
over  large  particles  require  subdivision  to  smaller  dimen¬ 
sions  (0.1  to  0.5  p). 

If  surface  energy  is  related  to  the  property  of  resistance 
to  segregation,  a  further  decrease  in  particle  size  resulting- 
in  an  increase  in  surface  energy  should  give  a  non-segre¬ 
gating  mixture  in  the  case  of  the  materials  studied.  Accord¬ 
ingly  a  portion  of  the  first  mixture  was  ground  until  99.8 
per  cent  passed  a  200-mesh  sieve.  The  data  for  the  jar  segre¬ 
gation  of  this  mixture  are  given  in  Table  III. 
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Table  III — Segregation  of  a  Mixture  of  Arsenic  Trioxide  and 
Potassium  Sulfate  Ground  to  Pass  200-Mesh  Sieve 


Sec-  Wr.  Ma-  AsaOs  AsaOs 


TION 

TERIAL 

AS2O3 

Error 

Theory 

Found 

Error 

Grams 

% 

% 

Grams 

Grams 

Gram 

1 

5.208 

37.59 

+4.32 

1.733 

1.958 

+  0.179 

2 

6.526 

30.71 

-2.56 

2.171 

2.004 

-0.167 

3 

10.872 

33.21 

-0.06 

3.617 

3.611 

-0.006 

4 

10.097 

33.25 

-0.02 

3.359 

3.357 

-0.002 

5 

10.S34 

33.31 

+0.04 

3.604 

3.609 

+0.005 

6 

10.080 

33.22 

-0.05 

3.358 

3.352 

-0  006 

AS2O3  in  original  mixture,  33.27  per  cent. 
AS2O3  calculated,  33.36  per  cent. 

Densities:  AS2O3  =  3.9;  K2SO4  =  2.66. 


It  will  be  observed  that  segregation  occurred  in  sections 
1  and  2.  The  segregation  was  the  reverse  of  the  usual  proc¬ 
ess,  since  the  heavier  component,  arsenic  trioxide,  concen¬ 
trated  in  section  1  and  the  potassium  sulfate  settled  to  sec¬ 
tion  2.  The  reason  for  this  behavior  was  observed  from  the 
fact  that  the  upper  10  per  cent  of  the  material  being  jarred 
had  sufficient  freedom  of  movement  to  form  pills  of  the  size 
of  shotgun  shell  shot  which  were  hard  and  well  polished. 
The  powder  in  the  top  section  of  the  sample  holder  was  be¬ 
having  somewhat  like  a  liquid  showing  the  effects  of  surface 
tension.  The  surface  energy  effects  were  best  manifest  by 
the  proportion  of  37.6  per  cent  As2C>3  to  52.4  per  cent  K2S04. 
Resistance  to  segregation  was  none  the  less  demonstrated 
for  the  lower  80  per  cent  of  the  sample  as  shown  by  the  analy¬ 
ses,  which  are  in  agreement  with  the  surface  energy  hypothesis 
already  given.  The  formation  of  the  pill  aggregates  in  this 
test  strengthened  the  assumption  that  surface  energy  re¬ 
lationships  are  involved. 

The  fact  that  arsenious  oxide  sublimes  unchanged  and 
mercuric  oxide  dissociates  when  heated  was  thought  to  have 
a  possible  influence  on  the  segregation  relationships.  Since 
in  addition  there  is  almost  a  threefold  difference  in  density, 
a  mixture  of  these  two  compounds  was  ground  together 
until  all  would  pass  through  a  200-mesh  sieve  and  tested. 
The  data  for  this  case  are  given  in  Table  IV. 


Table  IV — Segregation  Test  of  a  Mixture  of  Arsenic  Trioxide  and 
Mercuric  Oxide  Ground  to  200  Mesh 


Sec¬ 

tion 

Wt.  Ma¬ 
terial 

AS2O3 

Error 

AS2O3 

Theory 

AS2O3 

Found 

Error 

Grams 

% 

% 

Grams 

Grams 

Gram 

1 

17.122 

44.74 

-0.05 

7.669 

7.660 

-0.009 

2 

24 . 027 

44.84 

+0.05 

10.762 

10.774 

+0.012 

3 

26.130 

44.82 

+  0.03 

11.704 

11.711 

+  0.007 

4 

24.727 

44.84 

+  0.05 

11.075 

11.087 

+  0.013 

5 

24 . 989 

44.88 

+  0.09 

11.193 

11.215 

+  0.022 

6 

25.801 

45.02 

+0.23 

11.556 

11.616 

+0.050 

AS2O3  in  original  mixture,  44.79  per  cent. 
AS2O3  calculated,  44.86  per  cent. 


From  Table  IV  it  will  be  seen  that  no  segregation  resulted. 

A  mixture  of  approximately  92  per  cent  mercuric  oxide 
and  8  per  cent  magnesium  carbonate  was  likewise  tested  in 
the  segregation  machine  and  upon  analysis  of  the  top  and 
bottom  portions  the  following  figures  were  obtained  for  HgO: 
top  91.91,  bottom  91.89  per  cent.  The  original  materials 
were  mixed  in  about  equal  parts  by  volume. 

Two  samples  of  iron  ores — one  Zenith  iron  ore  low  in  silica 
and  high  in  ferric  oxide  and  another  iron  ore  high  in  silica 
and  correspondingly  low  in  ferric  oxide — were  likewise  segre¬ 
gated  in  the  usual  manner  after  being  ground  to  pass  a  200- 
mesh  sieve.  The  top  and  bottom  sections  were  then  analyzed, 
with  the  results  given  in  Table  V. 

Table  V — Jar  Segregation  Analysis  of  Iron  Ores 

Segregation  Analyses 

Original  Analysis  . - Top - -  . — Bottom . 


Iron  Ore 

Fe 

S1O2 

Fe 

S1O2 

Fe 

Si02 

% 

% 

% 

% 

% 

% 

Zenith 

66.70 

2.51 

66.46 

2.47 

66.87 

2.47 

Commodore 

56 . 15 

9.83 

55 . 98 

9.78 

56.13 

9.77 

It  will  be  seen  that,  as  nearly  as  the  analysis  can  be  relied 
upon,  there  was  no  segregation  of  silica  from  the  heavier 
ferric  oxide  in  these  two  samples. 


Effect  of  Artificial  Increase  of  Density 

Since  in  all  the  cases  thus  far  tested  using  samples  of  great 
variation  in  density  ground  to  pass  a  200-mesh  sieve  there 
was  shown  to  be  no  segregation  upon  jarring,  it  was  thought 
proper  to  attempt  to  segregate  such  a  sample  by  artificially 
increasing  the  density  of  one  component.  This  would  show 
two  things  in  case  no  segregation  was  observed — (1)  that 
natural  density  variations  in  materials  could  not  provide 
segregation  properties  in  opposition  to  the  surface  energy 
relationships,  and  (2)  that  an  extended  exposure  to  jarring 
is  not  likely  to  alter  the  effects. 


Table  VI — Effect  of  Electromagnet  In  Increasing  Apparent  Difference 
in  Density  of  Magnetic  Iron  Oxide  in  Its  Mixture  with  Magnesium 

Oxide 


Sec¬ 

tion 

Wt.  Ma¬ 
terial 

FeiOi 

Error 

FesOi 

Theory 

FeaO; 

Found 

Error 

Grams 

% 

% 

Grams 

Grams 

Gram 

1 

5.859 

78.35 

+0.03 

4.588 

4.594 

+0.006 

2 

17.111 

78.58 

+0.26 

13.401 

13.447 

+0.046 

3 

15.933 

78.21 

-0.13 

12.479 

12.461 

-0.018 

4 

14.003 

78.61 

+0.29 

10.967 

11.008 

+0.041 

5 

16.977 

78.58 

+0.26 

13.296 

13'.  340 

+0.044 

6 

16.783 

78.37 

+0.05 

13.144 

13.156 

+0.012 

Fe30i  in  original  mixture,  78.32. 
Ke,;( ) ;  calculated,  78.37  per  cent. 


Accordingly  a  mixture  of  magnetic  oxide  of  iron  and  “light” 
magnesium  oxide  was  mixed  in  the  ball  mill  and  after  being 
ground  to  pass  200  mesh  was  placed  in  the  segregation  ma¬ 
chine.  The  six-section  tower  (A,  Figure  1)  was  then  used 
as  the  solenoid  of  an  efficient  electromagnet  in  such  a  way 
that  half  of  the  six  sections  were  protruding  and  half  acting 
as  the  core  of  the  magnet.  The  electromagnet  was  provided 
with  a  soft  iron  core  and  tested  under  the  effect  of  the  same 
activating  current  as  that  used  during  the  tests  and  was 
found  capable  of  picking  up  a  one-pound  piece  of  iron.  That 
the  downward  pull  on  the  Fe304  of  the  sample  was  appre¬ 
ciable  was  observed  by  suspending  an  iron  bar  partially 
within  the  empty  core  of  the  electromagnet.  The  sample 
was  jarred  by  being  allowed  to  fall  together  with  the  mag¬ 
net  for  the  usual  million  falls  through  the  usual  distance. 
A  second  sample  not  provided  with  a  magnet  was  jarred  at 
the  same  time,  but  the  analysis  of  this  portion  did  not  prove 
necessary.  The  results  of  the  test  are  reported  in  Table  VI. 

The  data  of  Table  VI  show  that  within  the  experimental 
limit  of  accuracy  no  segregation  results  in  the  case  of  a  mag¬ 
netically  augmented  difference  in  the  apparent  density  of 
magnetic  iron  oxide  when  mixed  with  magnesium  oxide. 
The  proportionate  increase  in  apparent  density  is  unknown, 
but  it  must  have  been  appreciable.  Mixtures  of  iron  dust 
with  powdered  non-magnetic  metals,  such  as  iron-tungsten 
mixtures,  were  not  tested  under  the  influence  of  a  magnetic 
field  because  such  mixtures  are  not  met  in  practice. 

Conclusions 

From  the  work  described  above  it  is  concluded  that,  when 
mixtures  of  materials  of  different  density  are  mixed  to  uni¬ 
formity  following  grinding  to  pass  a  200-mesh  sieve,  they 
cannot  be  segregated  by  jarring  or  by  the  influence  of  vi¬ 
brational  storage  conditions  no  matter  what  the  actual 
differences  in  density.  It  is  believed  that  the  selection  of 
materials  tested  is  sufficiently  representative  to  warrant  the 
conclusion  that  no  mixture  of  materials  will  exhibit  such  a 
tendency  to  segregate  and  that  the  tests  were  sufficiently 
severe  to  apply  in  addition  no  limitation  to  the  time  under 
which  the  segregation  influence  is  applied. 

In  case  of  referee  analyses  of  supposedly  identical  samples, 
if  different  analysts  fail  to  agree  the  fault  cannot  be  placed, 
as  it  frequently  is,  on  the  segregation  of  samples,  provided 
they  are  ground  to  pass  a  200-mesh  sieve. 

Literature  Cited 

(1)  Bur.  Standards,  Circ.  39. 

(2)  Dundon,  J.  Am.  Chem.  Soc.,  45,  2658  (1923). 


October  15,  1929 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


231 


Solubility  of  Benzidine  Sulfate  and  Benzidine  Hydro¬ 
chloride  in  Hydrochloric  Acid  Solutions' 

Wm.  B.  Meldrum  and  Ira  G.  Newlin 

Haverford  College,  Haverford,  Pa. 


Solubility  of  Benzidine  Sulfate 

IN  THE  course  of  an  investigation  requiring  the  quantita¬ 
tive  determination  of  sulfate  it  was  found  that  the  usual 
barium  sulfate  method  was  not  entirely  satisfactory 
owing  to  the  formation  of  mix-crystals  with  other  constituents 
present.  Accordingly  an  attempt  was  made  to  adapt  the 
well-known  benzidine  sulfate  method.  As  the  precipitation 
of  the  sulfate  had  to  be  made  from  solutions  of  decided  acid¬ 
ity,  it  was  necessary  to  know  to  what  extent  the  solubility  of 
the  benzidine  sulfate  is  affected  by  changes  in  acid  concen¬ 
tration.  No  solubility  data  were  found  in  the  literature, 
however,  apart  from  those  given  by  Bisson  and  Christie  (1 )  on 
the  solubility  of  benzidine  sulfate  in  pure  water  at  various 
temperatures. 

Accordingly  determinations  were  made  of  the  solubility  in 
hydrochloric  acid  solutions  of  various  concentrations.  The 
solubilities  were  determined  directly  by  agitating  a  known 
weight  of  the  salt  with  a  known  weight  of  the  acid  solution 
(about  50  grams)  in  a  glass-stoppered  flask  immersed  in  a 
thermostat  at  25°  C.  until  equilibrium  had  been  attained. 


Figure  1 

Preliminary  experiments  showed  that  attainment  of  equi¬ 
librium  required  about  36  hours;  twice  this  time  was  allowed. 
The  residue  was  then  filtered  off  on  a  sintered  glass  crucible, 
washed  with  acid  solution  of  the  same  concentration  as  that 
used,  dried,  and  weighed.  A  portion  of  the  filtrate  was 
titrated  with  standard  sodium  hydroxide  solution.  The 
benzidine  sulfate  used  was  prepared  by  adding  a  alight  excess 
of  sulfuric  acid  solution  to  a  solution  of  Kahlbaum’s  benzidine 
“for  analysis,”  filtering,  washing  free  from  excess  acid,  and 
drying  to  constant  weight  at  110°  C. 

The  results  are  shown  in  Table  I  and  Figure  1. 

Solubility  of  Benzidine  Hydrochloride 

As  these  data  show,  the  solubility  of  benzidine  sulfate  in 
hydrochloric  acid  solution  increases  very  rapidly  with  in- 
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creasing  acidity.  It  passes  through  a  maximum  at  a  concen¬ 
tration  of  about  3.5  normal  and  then  decreases.  It  was 
thought  that  this  effect  might  indicate  that  the  solubility 
limit  of  the  benzidine  hydrochloride  presumably  formed  by 
interaction  of  the  acid  with  the  sulfate  had  been  reached. 
On  this  point  also  data  were  lacking  and  determinations 
were  made  of  the  solubility  of  benzidine  hydrochloride  in 
hydrochloric  acid  solutions.  The  results  are  given  in  Table 
II  and  Figure  1.  It  will  be  noted  that  the  solubility  of  benzi¬ 
dine  hydrochloride  in  3.5  N  hydrochloric  acid  is  actually  less 
than  the  solubility  of  the  sulfate. 

Table  I — Solubility  of  Benzidine  Sulfate  in  Hydrochloric  Acid 

Solutions 


)NCN.  HC1  IN 

Filtrate 

Solubility 

Concn.  HC1  in 
Filtrate 

Solubility 

N 

G.  per  1000  g.  soln. 

N 

G.  per  1000  g.  soln. 

0.000 

0.239 

0.098  (7) 
0.537 

4.139 

1.885 

0.530 

0.548 

Av.  0.542 

0.943 

5.622 

1.889 

Av.  1.887 

1.771 

1.009 

0.941 

Av.  0.942 

1.252 

7.601 

1.778 

Av.  1.774 

1.551 

2.074 

1.254 

Av.  1.253 

1.789 

9.942 

1.536 

Av.  1.544 

1.496 

2.825 

1.792 

Av.  1.790 

1.921 

11.099 

1.501 

Av.  1.499 

1.488 

1.939 

Av.  1.930 

1.493 

Av.  1.490 

Table  II — Solubility  of  Benzidine  Hydrochloride  in  Hydrochloric 

Acid  Solutions 

Concn.  HC1  in  Filtrate 
N 

0.000 
2.884 

5.607 

9.870 

Conclusions 

From  these  results  it  is  obvious  that  in  applying  the  benzi¬ 
dine  sulfate  method  in  the  determination  of  sulfate,  accuracy 
can  be  attained  only  if  the  acid  concentration  is  kept  very 
low,  and  it  should  be  pointed  out  that  even  under  these  con¬ 
ditions  there  may  be  a  considerable  error  due  to  solubility  of 
the  precipitate. 
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Large  Metal  Soxhlet  Extractor 

Editor  of  Industrial  &  Engineering  Chemistry: 

I  am  reminded  of  the  large  metal  Soxhlet  extractor  that  I 
had  made  about  thirty  years  ago  which  was  essentially  like 
that  shown  on  page  140  of  the  Analytical  Edition  for  July  15, 
with  the  exception  that  the  siphon  tube  was  made  of  block 
tin.  The  advantage  of  this  feature  was  that  it  could  be  bent 
down  to  accommodate  larger  or  smaller  quantities  of  materials 
to  be  extracted  and  hence  lesser  amounts  of  solvents  were  needed. 

B.  M.  PlLHASHY 

San  Francisco,  Calif. 

July  31,  1929 


Solubility 
G.  per  1000  g.  soln. 
5.346 
2.114 

2.225 
Av.  2.172 

1.244 
1.248 
Av.  1.246 

1.226 
1.221 

Av.  1.224 
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Determination  of  Phenol  in  Presence  of  Salicylates' 

E.  H.  Hamilton  and  C.  M.  Smith 

Food.  Drug,  and  Insecticide  Administration,  U.  S.  Department  op  Agriculture,  Washington,  D.  C. 


SINCE  the  passage  of  the  Federal  Caustic  Poison  Act 
it  has  become  necessary  to  ascertain  the  percentage  of 
phenol  (carbolic  acid)  in  many  coal-tar  insecticides  and 
disinfectants.  For  this  determination  the  Insecticide  Con¬ 
trol  laboratory  of  the  Food,  Drug,  and  Insecticide  Adminis¬ 
tration  employs  a  method  devised  by  Chapin  (2)  for  use  with 
saponified  cresol  solutions. 

Briefly  this  method  is  as  follows:  The  product  is  dissolved 
in  water  and  made  to  a  known  volume.  Aliquots  of  the 
solution  are  placed  in  each  of  two  test  tubes  and  treated  with 
Millon’s  reagent.  A  pink  solution  develops  if  phenol  is 
present.  Then  formaldehyde  is  added  to  the  solution  in 
one  of  the  test  tubes  and  this  changes  the  color  to  yellow. 
A  pair  of  test  tubes  containing  a  standard  aqueous  solution 
of  phenol  are  treated  similarly.  The  amount  of  phenol  in 
the  unknown  is  determined  by  adding  successive  known 
quantities  of  the  red  standard  solution  to  the  yellow  unknown 
solution  and  equal  quantities  of  the  yellow  standard  solu¬ 
tion  to  the  red  unknown  solution,  comparing  the  colors 
after  each  addition,  until  the  color  of  the  two  unknown  so¬ 
lutions  becomes  the  same.  The  proportion  of  phenol  present 
in  the  unknown  is  then  calculated  from  the  number  of  cubic 
centimeters  of  the  standard  solution  used. 

This  method  has  given  satisfactory  results  except  with 
products  containing  salicylates,  for,  as  Chapin  (1 )  has  pointed 
out,  salicylates  give  the  same  color  changes  as  phenol.  Some 
insecticides,  especially  mineral  oil  solutions  of  phenols,  often 
contain  oil  of  wintergreen  or  oil  of  birch  as  a  perfume,  and  both 
these  essential  oils  consist  largely  of  methyl  salicylate.  The 
first  two  products  of  this  nature  analyzed  showed  12.5  and 
11.3  per  cent  phenol  by  Chapin’s  original  method  using 
sodium  hydroxide,  9.1  and  9.2  per  cent  when  the  sodium 
hydroxide  was  omitted,  and  8.3  and  8.7  per  cent  by  a  pro¬ 
cedure  (suggested  by  E.  L.  Griffin  of  this  laboratory)  depend¬ 
ing  on  saponification  of  the  methyl  salicylate,  separation 
of  the  salicylic  acid  from  the  tar  acids  by  means  of  a  sodium 
bicarbonate  solution,  and  estimation  of  the  phenol  by  Cha¬ 
pin’s  method. 

The  last  procedure  was  presumed  to  give  the  correct  re¬ 
sults,  but  because  it  is  rather  long  and  tedious,  and  also  be¬ 
cause  the  omission  of  sodium  hydroxide  from  Chapin’s  method 
resulted  in  fairly  comparable  values,  it  was  decided  to  investi¬ 
gate  the  possibility  that  the  kerosene  originally  in  the  prod¬ 
uct,  or  added  to  it.  might  be  coimted  on  to  retain  the  methyl 
salicylate  while  the  water  used  might  extract  the  phenol. 
For  this  purpose  it  was  desirable  to  know  the  partition  coeffi¬ 
cient  of  phenol  between  kerosene  and  water.  As  there  ap¬ 
peared  to  be  no  information  on  this  subject  in  the  literature, 
the  partition  coefficient  was  determined  as  follows:  A  stock 
solution  was  prepared  from  c.  p.  phenol  and  water  to  con¬ 
tain  approximately  4  grams  of  phenol  per  100  cc.,  and  from 
this  solutions  of  one-half  and  one-fourth  its  strength  were 
prepared.  A  25-cc.  portion  of  each  solution  was  shaken 
with  an  equal  quantity  of  kerosene  and  the  mixture  allowed 
to  separate  into  two  layers.  The  aqueous  layer  was  drawn 
off,  filtered  through  a  wet  filter  to  remove  any  residual  kero¬ 
sene,  and  the  amount  of  phenol  remaining  determined  by 
titration  of  an  aliquot  with  a  standard  bromide-bromate  so¬ 
lution.  The  results  are  given  in  the  following  table. 

No  attempt  was  made  to  approach  equilibrium  from  the 
other  direction  because  of  the  low  solubility  of  phenol  in 
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kerosene.  The  results  indicate  that  conditions  are  favorable 
for  extraction  of  phenol  from  kerosene  by  means  of  water. 


Initial 

Solution 

Grams  per 
100  cc. 
4.05 
2.02 

1,01 


Water 

Layer 

Grams  per 
100  cc. 
3.20 
1.62 
0.81 


Kerosene 
Layer 
(by  Diff.) 
Grams  per 
100  cc. 
0.85 
0.40 
0.20 


Partition 

Coefficient 


3.8 

4.0 

4.0 


Five  kerosene  solutions  containing  known  proportions  by 
weight  of  phenol,  oil  of  birch,  and  para-cresol  were  then 
prepared.  A  commercial  grade  of  birch  oil  and  chemically 
pure  phenol  (congealing  point  38.8°  C.)  were  used.  The 
para-cresol,  of  which  a  technical  grade  boiling  at  202°  C. 
and  containing  0.2  per  cent  phenol  was  used,  was  added 
to  increase  the  solubility  of  the  phenol.  The  results  given 
later  prove  that,  even  though  this  cresol  aids  in  dissolving 
phenol  in  kerosene,  it  does  not  retard  the  extraction  of  the 
phenol  by  water.  The  phenol  in  these  preparations  was, 
for  purposes  of  comparison,  determined  by  four  methods, 
as  follows:  A,  directly  by  Chapin’s  method  for  unsaponified 
cresol  solutions;  B,  directly  by  Chapin’s  method  for  saponified 
cresol  solutions;  C,  by  a  method  in  which  50  cc.  of  kerosene 
were  added  to  10  cc.  of  each  solution,  after  which  the  phenol 
was  extracted  by  shaking  three  times  with  100-cc.  portions 
of  water  and  the  aqueous  extracts  were  then  shaken  succes¬ 
sively  with  25-  and  15-cc.  portions  of  kerosene,  filtered  through 
a  wet  filter  into  a  500-cc.  volumetric  flask,  and  made  to  the 
mark  with  'water,  the  phenol  being  then  determined  as  in 
B;  D,  by  a  method  exactly  like  C  except  that  the  washing 
of  the  aqueous  extracts  with  kerosene  was  omitted.  The 
composition  of  each  solution  and  the  percentage  of  phenol 
found  by  the  various  methods  are  given  below. 


Composition 

Phenol  Found 

SOLN. 

Phenol 

Oil  of 
birch 

P~ 

Cresol 

Kero¬ 

sene 

Method 

A 

Method 

B 

Method 

C 

Method 

D 

% 

% 

% 

% 

% 

% 

% 

% 

1 

5 

10 

5 

80 

8.6 

8.6 

5. 5 
5.5 

4.9 

5.2 

5.  1 

2 

10 

10 

10 

70 

13.6 

13.6 

10.6 

10.1 

10.1 

10.1 

10.0 

10.1 

3 

15 

10 

15 

60 

18.1 
18.  1 

15.0 

15.0 

14.8- 

15.0 

14.8 

14.8 

4 

10 

5 

10 

75 

12.1 

12.1 

10.4 

10.4 

9.9 

9.8 

10.2 

10.2 

5 

10 

20 

10 

60 

16.6 

16.4 

10.6 

10.6 

10. 1 
10.2 

10.2 

10.2 

It  is  evident  that  method  A  gives  results  which  are  very 
much  too  high,  owing  to  the  saponification  of  some  of  the 
methyl  salicylate  by  the  sodium  hydroxide  used.  Method 
B  gives  results  which,  while  quite  close  to  the  amount  of 
phenol  actually  present  in  the  solutions,  tend  to  be  slightly 
high.  Methods  C  and  D  both  give  results  agreeing  with  the 
theoretical  within  the  limit  of  error  of  the  methods  on  pure 
phenol  solutions.  As  Method  D  is  simpler  than  Method 
C  in  that  the  washing  of  the  aqueous  extract  with  kerosene 
is  omitted  and  thereby  the  formation  of  troublesome  emul¬ 
sions  avoided,  it  is  preferable.  It  also  offers  a  considerable 
saving  of  time  and  labor  over  the  sodium  bicarbonate  ex¬ 
traction  method. 
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Device  for  Maintaining  a  Constant  Rate  of  Flow  of  Liquids 

John  D.  Sullivan 

Southwest  Experiment  Station,  U.  S.  Bureau  of  Mines,  Tucson,  Ariz. 


TAURING  the  course  of  leaching  experiments  that  were 
being  performed  at  the  Southwest  Experiment  Station 
of  the  U.  S.  Bureau  of  Mines  in  cooperation  with  the  De¬ 
partment  of  Mining  and  Met¬ 
allurgy,  University  of  Arizona, 
it  became  necessary  to  devise 
means  of  maintaining  a  con¬ 
stant  rate  of  supply  of  leaching 
solution.  The  ores  were  being 
leached  by  the  open-drainage 
principle  and  required  a  sup¬ 
ply  of  leaching  liquor  that 
would  keep  the  mass  saturated 
and  at  the  same  time  not  cause 
a  flooding  of  the  surface. 

A  simple  apparatus  was  de¬ 
veloped  which  met  all  the  re¬ 
quirements.  It  is  especially 
valuable  if  a  drop-by-drop 
rather  than  a  continuous  flow 
is  desired.  The  construction  of 
the  apparatus  is  very  simple, 
and  the  figure  showing  it  is 
practically  self-explanatory. 
A  is  a  beaker,  jar,  crock,  or  other  containing  vessel  of 
whatever  size  needed;  B  is  a  piece  of  wood  cut  in  a  circular 

1  Received  July  3,  1929.  Published  by  permission  of  the  Director, 
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form  of  diameter  slightly  less  than  that  of  the  container,  A; 
C  is  a  cork  which  fits  into  a  hole  bored  in  the  float,  B; 
D,  a  piece  of  glass  tubing  bent  so  as  to  act  as  a  siphon,  passes 
through  cork  C  and  down  into  the  solution  in  A.  The  size 
of  the  bore  of  D  depends  upon  the  size  of  drop  desired. 
The  siphon  can  be  raised  or  lowered,  by  moving  the  glass  in  C 
so  that  any  desired  solution  head  may  be  maintained.  If  a 
very  slow  drip  is  desired,  the  end  of  the  tube,  E,  may  be  con¬ 
stricted.  The  constriction  is  at  the  end  that  is  under  solution 
rather  than  the  outside  end  because  otherwise  the  crystalliza¬ 
tion  of  salts  might  seal  off  the  end.  When  a  small  container 
is  used  and  the  weight  of  D  is  so  great  that  B  is  tilted  from 
the  horizontal,  lead  or  other  heavy  material  may  be  placed  on 
the  side  opposite  C.  For  this  purpose  a  hole,  F,  may  be 
bored  part  way  through  the  float  on  the  side  opposite  the 
cork  and  the  amount  of  lead  shot  required  to  balance  may 
be  added. 

Once  the  desired  rate  of  flow  or  drop  is  obtained  by  choosing 
a  tube  of  the  proper  bore  and  by  manipulating  I)  to  secure  the 
required  hydrostatic  head,  this  rate  can  be  maintained  in¬ 
definitely.  As  the  solution  level  drops,  the  float  drops  the 
same  distance  and  the  same  hydrostatic  head  is  maintained; 
likewise  the  same  hydrostatic  head  is  maintained  when  solu¬ 
tion  is  added  to  the  container.  When  the  temperature 
changes,  the  viscosity  of  the  solution  changes,  and  the  rate  of 
siphoning  is  thereby  influenced,  but  under  ordinary  room  or 
laboratory  conditions  the  temperature  variations  are  not 
great  enough  to  have  much  effect. 


Buret  Clamp  and  Holder 

Marion  Hollingsworth 


Tin;  Ohio  State  University,  Columbus,  Ohio 


rpHE  convenience  of  having  bottles  of  standard  solu- 
tions  with  burets  attached  to  the  bottles  has  led  to  the 
development  of  the  clamp  and  holder  shown  in  the  accom¬ 
panying  drawing. 

The  part  A  is  of  wood  11  X  27  mm.  (0.43  X  1.06  inches) 
in  cross  section  and  somewhat  longer  than  the  scale  on  the 
buret  which  it  is  designed  to  support.  The  edges  are  slightly 
beveled  towards  the  front  so  that  A  will  remain  rigid  in  the 
holder. 

The  block  B  is  of  spring  brass  and  wood.  The  cross 
section  of  the  brass  is  7  X  11  mm.  (0.25  X  0.43  inch) 
and  it  is  bent  as  shown  in  the  detail  drawing.  The  whole 
is  made  to  slide  easily  on  A  and  yet  is  held  at  any  position 
quite  securely  by  the  spring  being  reentrant  at  C.  The 
block  D  is  similar  to  B  but  is  fastened  firmly  to  the  end  of  A. 
All  brass  jaws  are  covered  with  rubber  tubing. 

The  holder  is  of  wood  25  mm.  (1  inch)  thick.  It  must  be 
long  enough  to  carry  the  clamp  past  the  sides  of  the  bottle 
and  wide  enough  to  fit  over  the  neck.  It  has  been  found 
better  to  make  the  neck  opening  quite  large  and  then  line 
it  with  cork  to  the  proper  size.  One  6-mm.  (0.25-inchl 
bolt  with  wing  nut  is  sufficient  to  hold  both  holder  and 

1  Received  February  26,  1929. 


clamp  in  position.  However,  the 
holder  is  more  rigid  during  adjust¬ 
ments  if  a  small  dowel  pin  is  in¬ 
serted  in  the  end  back  of  the  bottle 
neck. 

The  advantages  of  this  clamp  and 
holder  are: 

(1)  The  entire  buret  scale  is  always 
free. 

(2)  The  buret  may  be  removed  or 
inserted  with  one  hand. 

(3)  The  clamp  may  be  used  either 
end  up,  and  when  made  long  the 
buret  may  be  placed  in  any  elevation 
relative  to  the  bottle — opposite, 
above,  or  below. 

(4)  The  buret  is  held  so  rigid  that 
the  upper  end  of  the  supply  tube  may 
be  drawn  to  small  bore  and  the  end 
inserted  through  a  grooved  cork,  set 
opposite  the  zero  mark  on  the  buret. 
This  gives  zero  adjustment  when  the 
buret  is  filled  and  the  pressure  within 
the  bottle  is  released. 
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Carbon  and  Hydrogen  Analysis  of.  M.  G.  Sevag .  16 

Volatile,  Simple  Apparatus  for  Measuring  Vapor  Pressure  of.  A.  W. 

Francis .  38 

MAGNESIUM  Oxide,  Calcium  Oxide,  Iron  and  Aluminum  Oxides,  De¬ 
termination  of — in  Portland  Cement,  Rapid  Method.  J.  S.  Pierce 

and  W.  C.  Setzer . . . .  .  25 

Manganese,  Volumetric  Determination  of — -as  Dioxide.  With  Special 
Reference  to  Application  of  Potassium  Bromate  as  Oxidizing  Agent. 

I.  M.  Kolthoff  and  E.  B.  Sandell.  .  . .  181 

Manometer  for  Determination  of  Gases  in  Vapors.  D.  F.  Othrner .  46 

Maple  Products,  Analysis  of.  D.  E.  Fowler  and  J.  F.  Snell: 

X —  Study  and  Modification  of  Canadian  Lead  Method .  8 

XI —  Composition  of  Canadian  Lead  Precipitate .  12 

Mercaptans,  Quantitative  Determination  of — in  Naphtha.  P. 

Borgstrom  and  E.  E.  Reid . .  186 

Micropress,  Temperature-Recording,  for  Studying  Course  of  Vulcaniza¬ 
tion.  J.  C.  Walton . 106 

Mixtures,  Volatile  Liquid,  Bottle  for  Accurate  Weighing  of.  Z. 

Blaszkowska . • .  170 

Moisture: 

Content  of  Coal  and  Similar  Substances.  Determination  of.  Man¬ 
fred  Mannheimer .  154 

Determination  of — in  Sugar  Sirups.  E.  W.  Rice .  31 

Total,  Determination  of — in  Carbon  Blacks.  C.  M.  Carson .  225 

Motion  Picture  Showing  Manufacture  of  Alloy  Steels .  135 

NAPHTHA,  Quantitative  Determination  of  Mercaptans  in.  P. 

Borgstrom  and  E.  E.  Reid . 186 

Nitrate  Ion,  Dimethyl-a-Naphthylamine  or  Determination  of.  F.  G. 

Germuth .  28 

Nitric  Acid  Figures,  Errors  in — in  Recent  Analytical  Books.  A. 

W.  Beshgetoor .  92 

Nitrogen,  Nitrate,  Determination  of — in  Tobacco.  H.  B.  Vickery 
and  G.  W.  Pucher .  121 

OILS: 

Light — Sludge,  Determination  of  Free  Sulfuric  Acid  in.  F.  S. 

Bacon . 89 

Lubricating,  Reaction  between — and  Phosphorus  Pentoxide.  C.  C. 

Furnas .  185 

Mineral,  Specific  Heats  of.  L.  M.  Henderson,  S.  W.  Ferris,  and  J. 

M.  Mcllvain .  148 

Petroleum.  See  Petroleum. 

Use  of  Refractometric  Method  in  Determination  of — in  Avocados. 

B.  E.  Lesley  and  A.  W.  Christie .  24 

•Ores,  Chrome,  Analysis  of.  T.  R.  Cunningham  and  T.  R.  McNeill .  70 

Ores,  Electrically-Heated  Thermocirculator  for  Hot  Leaching  and 

Digesting.  M.  G.  Raeder .  88 


PAINT.  Studies  of  Destructive  Light  Sources  for  Use  in  Accelerated 

Weathering  Systems.  F.  C.  Schmutz  and  D.  L.  Gamble .  83 

Papain,  Action  of — -on  Polarization  of  Gelatin.  New  Method  of 

Measuring  Proteolytic  Activity.  H.  C.  Gore .  203 

Pauly  Receiver.  See  Receiver. 

Peat  Profile,  Analysis  of.  Reinhardt  Thiessen  and  R.  C.  Johnson .  216 

Petroleum: 

Crude,  Volumetric  Estimation  of  Sulfur  in.  Gladys  Woodward .  117 

Oils,  Determination  of  Sulfur  in.  R.  C.  Griffin .  167 

Oils,  Relation  between  Physical  Characteristics  and  Lubricating 

Values  of .  187 

Pharmaceutical  Preparations,  Quantitative  Determination  of  Formal¬ 
dehyde  in.  Oscar  Heim .  128 

Phenol,  Determination  of — in  Presence  of  Salicylates.  E.  H.  Hamilton 

and  C.  M.  Smith .  232 

Phenols,  Rapid  Determination  of.  J.  A.  Shaw .  118 

Phenylhydrazine  Acetate,  Reaction  of  Cellulose  with.  C.  J.  Staud 

and  H.  LeB.  Gray .  80 

Phosphorus,  Improvements  in  Deniges  Colorimetric  Method  for- 

and  Arsenic.  Emil  Truogand  A.  H.  Meyer .  136 

Phosphorus  Pentoxide,  Reaction  between  Lubricating  Oils  and.  C.  C. 

Furnas . ^ .  185 

Pie  Plates,  Pyrex,  for  Drying . 105 

PipETS: 

Burets  and,  Rapid  Calibration  of.  A.  T.  Shohl .  152 

Hempel  Gas,  Modification  of.  G.  H.  W.  Lucas .  79 

New  Automatic.  L.  N.  Markwood .  82 

Plastometer,  New.  E.  Karrer .  158 

Platinum,  Note  on  Recovery  of.  G.  J.  Hough .  162 

Potassium  Bromate  as  Oxidizing  Agent  in  Volumetric  Determination  of 

Manganese  as  Dioxide.  I.  M.  Kolthoff  and  E.  B.  Sandell .  181 

Potassium-Sodium  Alloy,  Convenient  Method  for  Preparing. 

Thomas  Midgley,  Jr.  and  A.  L.  Henne.  . .  75 

Pressure  Regulator  for  Vacuum  Distillations.  H.  L.  Cox .  7 

Proteolytic  Activity,  New  Method  of  Measuring.  Action  of  Papain  on 

Polarization  of  Gelatin.  H.  C.  Gore . .  .  203 

Pulp,  Freeness  Testing  as  Aid  in — Evaluation.  D.  S.  Davis .  47 

RECEIVER,  Modified  Pauly.  J.  B.  Brown .  160 

Rubber: 

Raw,  Report  of — Specifications  Committee.  E.  B.  Spear,  Chair¬ 
man  .  55 

Reduction  of — Stress-Strain  Determinations.  W.  B.  Wiegand  and 

H.  A.  Braendle . . . .  .  113 

Testing,  Importance  of  Temperature  and  Humidity  Control  in. 

II — Resistance  to  Abrasion.  A.  C.  S.  Physical  Testing  Commit¬ 
tee,  W.  A.  Gibbons,  Chairman .  174 

Vulcanization,  Temperature-Recording  Micropress  for  Studying 

Course  of.  J.  C.  Walton .  106 

Vulcanized,  New  Physical  Test  for.  D.  D.  Wright .  17 

SALICYLATES,  Determination  of  Phenol  in  Presence  of.  E.  H. 

Hamilton  and  C.  M.  Smith . 232 

Samples,  Analyzed,  Segregation  of.  G.  F.  Smith,  L.  V.  Hardy,  and 

E.  L.  Gard . 228 

Separator,  Air,  for  Laboratory.  R.  E.  Zinn .  112 

Sewage.  Biochemical  Oxygen  Demand  of  Certain  Substances.  G.  E. 

Symons  with  A.  M.  Buswell . 161 

Sewage.  Comparison  of  Dilution  and  Absorption  Methods  for  De¬ 
termination  of  Biochemical  Oxygen  Demand.  G.  E.  Symons  with 

A.  M.  Buswell .  214 

Shaking  Machine,  Utility.  W.  M.  Shaw .  93 

Shellac,  Nature  and  Constitution  of.  II — Potientiometric  Titrations 
in  95  Per  Cent  Ethyl  Alcohol.  W.  H.  Gardner  and  W.  F.  Whit¬ 
more .  205 

Silica,  Determination  of — in  Presence  of  Fluorspar.  W.  T.  Schrenk 

andW.  H.Ode . 201 

Silicates,  Occurrence  of — in  Natural  Waters.  O.  W.  Rees .  200 

Sodium  Carbonate,  Decomposition  of  Barium  Sulfate  by  Solutions  of. 

Edward  Wolesensky .  29 

Sodium,  Determination  of — Content  of  Calcium  Carbonate  Intended 

for  Use  in  J.  Lawrence  Smith  Method  for  Alkalies.  E.  R.  Caley .  191 

Sodium-Potassium  Alloy,  Convenient  Method  for  Preparing.  Thomas 

Midgley,  Jr.,  and  A.  L.  Henne . . . .  .  .  .  . .  75 

Soils,  Determination  of  Total  Carbon  in.  Eric  Winters  and  R.  S. 

Smith . 202 

Soils,  Determination  of  Total  Replaceable  Bases  in.  R.  H.  Bray  and 

F.  M.  Willhite .  144 

Solutions: 

Alkaline,  Examination  of  Possible  Indicators  to  Determine  pH  of. 

F.  R.  McCrumb  and  W.  R.  Kenny .  44 

Caustic,  Containers  for.  B.  A.  Soule .  109 

Dark-Colored,  Application  of  Vacuum  Tube  in  Falling-Ball  Method 

for.  E.  M.  Symmes  and  E.  A.  Lantz .  35 

Soxhlet  Extractor.  See  Extractor. 

Spain  Promoting  Chemical  Industry .  199 

Specific  Gravity,  Determination  of — of  Asphalt  by  Means  of  a  Hy¬ 
drometer.  H.  R.  Berry,  E.  H.  Smith,  and  F.  R.  Lang .  ........  164 

Specific  Gravity,  Rapid  Determination  of — of  Semi-Solid  Bituminous 

Substances.  S.  E.  Berkenblit . 39 

Specific  Heats  of  Mineral  Oils.  L.  M.  Henderson,  S.  W.  Ferris,  and 

J.  M.  Mcllvain . 148 

Spectra,  Atomic,  Dutch  Scientist  Aids  in  Defining.  .  .  .  .  . .  160 

Spectrograph,  Quantitative  Analysis  with.  C.  C.  Nitchie. .  1 

Spectrum,  Arc,  Analysis,  Electrode  Holder  for.  L.  L.  Quill  and  P.  W. 

Selwood . _ .  180 

Starch  Indicator,  Stabilized.  M.  S.  Nichols .  215 

Starch,  Potato,  Producers  in  Czechoslovakia  Organize . .  .  24 

Steam  Condensation.  Manometer  for  Determination  of  Gases  in 

Vapors.  D.  F.  Othmer .  46 

Steel,  Determination  of  Iron  Oxides  in  Acid — Furnace  Slags.  G.  T. 

Dougherty . .  .  •  . .  163 

Steels,  Alloy,  Motion  Picture  Showing  Manufacture  of .  135 

Stibnite,  Evaluation  of.  I — Determination  of  Sulfur.  W.  M. 

McNabb  and  E.  C.  Wagner. .  . . . .  32 

Still,  Continuous,  for  Conductivity  Water.  C.  C.  DeWitt  and  G.  G.  . 

Brown .  109 

Sugar: 

From  Wood,  Germany  to  Produce . . .  •  67 

Self-Emptying  Suction  Flask  for — Determinations.  Gilbert  Pit¬ 
man . H2 

Sirups,  Determination  of  Moisture  in.  E.  W.  Rice .  31 
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Sulfur: 

Colorimetric  Method  for  Detection  and  Determination  of  Carbon 

Disulfide  and — in  Fluids.  J.  A.  Pierce .  227 

Determination  of — Content  of  Gases  from  Boiler  Furnaces.  Ed¬ 
mund  Taylor  and  H.  F.  Johnstone .  197 

Determination  of.  Evaluation  of  Stibnite — I.  W.  M.  McNabb 

and  E.  C.  Wagner .  32 

Determination  of — in  Petroleum  Oils.  R.  C.  Griffin .  167 

Volumetric  Estimation  of — in  Crude  Petroleum.  Gladys  Wood¬ 
ward .  117 

Sulfur  Dioxide,  Automatic  Apparatus  for  Determination  of  Small 

Concentrations  of — in  Air — II.  M.  D.  Thomas  and  J.  N.  Abersold.  14 
Sulfuric  Acid,  Free,  Determination  of — in  Light-Oil  Sludge.  F.  S. 

Bacon .  89 

Switchboard,  Combination  Electrochemical.  W.  F.  Munn .  208 

TETRAETHYL  Lead,  Analytical  Reactions  of.  Graham  Edgar 

and  George  Calingaert .  221 

Tetraethyl  Lead,  X-Ray  Quantitative  Analysis  of — in  Gasoline. 

E.  H.  Abom  and  R.  H.  Brown .  26 

Textile  Industry,  Mexican,  Improving .  209 

Thermocirculator,  Electrically  Heated,  for  Hot  Leaching  and  Digest¬ 
ing.  M.  G.  Raeder .  88 

Thermostat,  Heavy-Duty.  D.  F.  Othmer .  97 

Titrations,  Bimetallic  Electrodes  for — Involving  Change  of  Hydrogen- 

Ion  Concentrations.  R.  M.  Fuoss .  125 

Titrations,  Potentiometric,  in  95  Per  Cent  Ethyl  Alochol.  Nature 
and  Constitution  of  Shellac — II.  W.  H.  Gardner  and  W.  F. Whit¬ 
more .  205 

Tobacco,  Determination  of  Nitrate  Nitrogen  in.  H.  B.  Vickery  and 


G.  W.  Pucher .  121 

Trap,  Kjeidahl,  Modification  of.  G.  H.  W.  Lucas .  140 

VACUUM  Tube,  Application  of — in  Falling-Ball  Method  for  Dark- 

Colored  Solutions.  E.  M.  Symmes  and  E.  A.  Lantz .  35 

Vapor  Pressure  Determinations,  Improved  Apparatus  for.  O.  A. 

Pickett . 36 

Vapor  Pressure,  Simple  Apparatus  for  Measuring — of  Volatile  Liquids. 

A.  W.  Francis .  38 

Viscosity.  Application  of  Vacuum  Tube  in  Falling-Ball  Method  for 

Dark-Colored  Solutions.  E.  M.  Symmes  and  E.  A.  Lantz .  35 

Volumenometer,  Improved.  A.  W.  Francis  and  E.  P.  Oxnard .  169 

Volumeter,  New,  Using  Water  as  Measuring  Medium.  J.  A.  Fries .  123 

WATER: 

Conductivity,  Continuous  Still  for.  C.  C.  DeWitt  and  G.  G.  Brown.  109 

Natural,  Notes  on  Estimation  of  Borate  in.  M.  D.  Foster .  27 

Natural,  Occurrence  of  Silicates  in.  O.  W.  Rees .  200 

Weights  for  Analytical  Balances,  Chromium .  105 

Wheat  Flour.  See  Flour. 

Wood: 

Fiber-Saturation  Point  of — as  Obtained  from  Electrical  Conduc¬ 
tivity  Measurements.  A.  J.  Stamm .  94 

Germany  to  Produce  Sugar  from .  67 

Inferior,  Wider  Use  for .  220 

Preservatives,  Laboratory  Methods  of  Testing  Toxicity  of.  With 
Suggested  Improvement  of  Agar  Plate  Method.  Henry  Schmitz. .  76 

X-RAY,  Quantitative  Analysis  of  Tetraethyl  Lead  in  Gasoline.  R.  H. 
Abom  and  R.  H.  Brown .  26 
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